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SUMMARY 


The  S-3A  spoiler  is  designed  as  a cost  competitive  lightweight  replacement 
for  the  metal  spoiler,  and  is  fit  and  functionally  interchangeable  with  the 
existing  part.  The  spoiler  is  of  sandwich  construction  with  graph! te/epo*y 
faces  and  non-metallic  core.  The  component  was  assembled  by  co-curing  the 
wet  laminate  faces  and  HRP  core. 

Structural  analysis  and  design  of  the  composite  spoiler  was  based  on  existing 
criteria  and  load  requirements  as  specified  for  production  components. 

Design  verification  and  manufacturing  development  tests  were  conducted  to 
predict  structural  capability  and  solve  manufacturing  problems  encountered 
during  fabrication.  The  component  is  deflection  critical  and  sizing  was 
based  on  this  consideration. 


Five  components  were  fabricated.  The  manufacturing  development  article  was 
cut  into  element  specimens  and  tested  to  evaluate  manufacturing  processes. 
Three  components  were  static  tested,  and  successfully  met  design  requirements. 
One  component  was  successfully  fatigue  tested  to  four  lifetimes  without  fail- 
ure of  any  composite  parts. 

A cost  monitoring  system  was  employed  throughout  the  span  of  the  program 
and  each  cost  element  was  identified.  A cost  matrix  and  graph  comparing 
the  metal  and  composite  components  was  constructed.  Coat  data  for  the  com- 
posite was  extrapolated  to  200  units  and  compared  to  actual  and  projected 
metal  cost. 
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SECTION  1 
INTRODUCTION 


The  objective  of  this  program  was  to  develop  a graphite/epoxy  lower  S-3A 
spoiler  that  is  fully  qualified  to  replace  the  existing  metal  component.  The 
spoiler  is  both  weight  and  cost  competitive. 

Five  graphite  epoxy  spoilers  were  fabricated.  One  was  sectioned  to  evaluate 
processes  and  manufacturing,  three  were  static  tested,  and  one  was  fatigue 
tested. 

The  program  included  material  selection,  verification  testing,  manufacturing 
and  tooling  development,  structural  analysis,  and  design  effort  necessary 
to  develop  a composite  spoiler. 

The  S-3A  spoilers  are  surfaces  hinged  off  of  the  rear  spar  of  the  wing.  They 
function  as  roll  control  devices  and  speedbrakes.  Each  wing  has  four  spoilers, 
three  upper  and  one  lower.  The  lower  spoiler  is  located  on  the  wing  under- 
side, and  is  a simple  beam  supported  by  two  hinge  fittings.  The  spoiler  is 
positioned  by  a push  rod  attached  to  each  fitting.  Its  planform  is  quadri- 
lateral approximately  85"  long,  8"  wide  at  the  outboard  end  and  15"  wide  at 
the  inboard  end. 

A composite  spoiler  assembly,  composed  of  only  four  (4)  basic  parts  was 
designed  as  a direct  replacement  for  the  existing  lower  metal  spoiler 
assembly.  A series  of  tests  were  defined  and  conducted  for  design  verifica- 
tion. Four  types  of  manufacturing  development  subcomponents  were  fabricated 
to  check  on  details  of  component  producibility.  Then  a complete  component 
was  produced  to  check  out  the  tooling  and  manufacturing  processes.  Finally, 
four  test  articles  were  produced  for  static  and  fatigue  testing.  The 
complete  assembly,  including  the  trailing  edge  seal,  is  shown  in  Figure  1. 

The  four  completed  test  spoilers  were  shipped  to  Ilaval  Air  Development  Center 
for  testing.  The  three  static  tests  to  failure  were  satisfactorily  concluded 
and  the  fatigue  tests  were  run  successfully  exceeding  design  requirements.  Test 
reports  from  the  NADC  are  included  in  Appendix  B. 

During  the  program  a cost  monitoring  system  was  employed  to  monitor  each  cost 
element.  The  system  consisted  of  an  alpha-numeric  code  by  which  each  cost 
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SECTION  2 

ENGINEERING  DESIGN  AND  ANALYSIS 


COMPONENT  DESCRIPTION 


The  composite  spoiler  is  a direct  replacement  for  the  lower  metal  spoiler. 
It  fits  in  the  same  space,  is  hinged  off  the  existing  outer  panel  rear  spar 
supports,  and  utilizes  the  same  actuation  system.  The  general  dimensions 
are  shown  in  Figure  2.  The  spoiler  is  composed  of  two  contoured  graphite/ 
epoxy  skins  of  variable  thickness,  a glass  reinforced  plastic  honeycomb 
core,  and  two  existing  metal  hinge  fittings  attached  with  fourteen  (l4) 
b6lts  threaded  into  inserts  potted  in  the  core.  The  skin  arrangement  is 
shown  in  Figure  3.  A new  trailing  edge  seal  design  will  be  required  for 
production  utilization,  but  was  not  necessary  for  the  test  articles. 


LOADS 

Static  Loads 

The  applied  loads  used  to  design  the  composite  S-3A  lower  spoiler  are  the 
same  as  those  used  for  the  current  metal  design.  These  loads  are  derived 
from  Lockheed  Report  LR  24691  (Ref.  l)  and  are  shown  in  Figures  4,  5 and  6. 
Additional  loads  resulting  from  control  system  friction  are  accounted  for  by 
multiplying  all  closing  hinge  moments  by  a friction  factor  of  1.24.  Axial 
loads  resulting  from  support  structure  strain  are  eliminated  from  the  design 
by  incorporating  free-play  into  the  hinge  design.  Side  loads  ?pplied  to  the 
spoiler  hinges  are  a result  of  push  rod  positioning,  spoiler  slope  and  +3°  of 
assumed  rod  misalignment.  All  resulting  side  load  is  reacted  at  the  outboard 
hinge . 

Both  the  triangular  and  uniform  distributions  of  airload  are  used  in  the 
design.  The  spoiler  is  critical  for  the  triangular  distribution  and  the 
hinges  are  critical  for  the  uniform  distribution. 

Fatigue  Loads 

Fatigue  loads,  us  defined  in  Reference  2,  are  shown  in  Table  I.  The  spectrum 
represents  13,000  flight  hours  (one  lifetime)  with  no  scatter  factor.  One 
spoiler  was  fatigue  tested  to  four  lifetimes. 
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FIGURE  2 SPOILER  GENERAL  DIMENSIONS 


SPLICE 


FIGURE  3 CORE  AND  SKIN  ARRANGEMENT 


LOWER  SPOILER 


FIGURE  4 SPOILER  HINGE  MOMENTS 


UNIT  RUNNING  HINGE  MOMENT  wIN  - LBS  / IN 


UNIT  SPANWISE  RUNNING  LOAD 

DISTRIBUTIONS  FOR  A TOTAL  SURFACE  HINGE  MOMENT 
OF  1000  IN -LBS. 

FOR  CLOSING  LOADS  IN  THE  OPEN  POSITION  OR  OPENING 
LOADS  IN  THE  CLOSED  POSITION. 

CHORDWISE  DISTRIBUTIONS 

USE  BOTH  A UNIFORM  AND  A TRIANGULAR  PRESSURE 
DISTRIBUTION  PER  SKETCHES  BELOW  FOR  CLOSING 
LOADS.  FOR  FLAPS  UP  OPENING  LOADS  USE  THE  TRIANGULAR 
DISTRIBUTION.  FOR  FLAPS  DOWN  OPENING  LOADS  USE  THE 
UNIFORM  DISTRIBUTION 
20T 


FIGURE  5 UNIT  SPOILER  LOAD  DISTRIBUTIONS 
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RUNNING  HINGE  MOMENT 


NOTES:  RUNNING  LOADS  DERIVED  FROM  TRIANGULAR 
PRESSURE  DISTRIBUTION. 

RATIO  OF  UNIFORM  LOAD  / TRIANGULAR  LOAD  =.  76 


LOWER  SPOILER  HINGE  MOMENTS  (ULTIMATE) 
FIGURE  6 DESIGN  RUNNING  LOADS 
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TABLE  I FATIGUE  LOADS 


SPOILER  SPECTRUM  (REF.  2) 


SURFACE 

MIN  H.  M. 
(III-LBS) 

MAX  II.  M. 
( IN-L3S ) 

NO.  OF  OCCURRENCES/ 
13,000  HRS 

LOWER 

-6,000 

-7,080* 

+12,000 

+1U.160* 

20,000 

* Includes  increase  in  loads  because  of  outboard  upper  spoiler  deactivation 
NOTES: 

1)  SIGN  CONVENTION,  POS.  H.  M.  TENDS  TO  CLOSE  SPOILERS 

2)  ONE  OCCURRENCE  IS:  MIN  H.  M.  TO  MAX  II . M.  TO  ZERO 

MATERIALS  SELECTION 

Materials  selected  for  spoiler  fabrication  are  required  to  operate  in  a 180F 
environment.  Co-curing  at  260F  during  manufacture  requires  compatibility  of 
the  cure  cycles  of  the  graphite/epoxy,  film  adhesive  and  core  splice  material. 
Adhesive  used  for  insert  potting  and  the  sealant  used  for  honeycomb  edge 
protection  and  faying  surface  protection  require  room  temperature  cures.  The 
phenolic  resin  which  stabilizes  the  beveled  edges  of  the  core  requires  a 350F 
oven  cure. 

Materials  required  foi^gpoiler  assembly  include: 
o Gp/E  - Narmco  5209/T300 
o Core  - IIRP  - 5. 5/57ft 3 
o Adhesives 

- Film  - Ml  11 3 

- Paste  - EA  901 

- Foam  - FM  37 

o Sealant  - ProSeal  890 
o Phenolic  Resin  - SC  1008 
o Threaded  Insert  - Shur-Lok  SL  607 

Evaluation  and  Qualification 

Comparative  data  for  Narmco  5209  and  5208  are  shown  in  Tables  II  and  III. 

This  data  was  the  basis  for  selection  of  the  Narmco  5209/T300  graphite  epoxy 
system.  Advantages  of  the  5209  system  are: 

1.  Modulus  - the  low  viscosity  5209  resin  system  is  suited  to  the  well 

aligned  T300  graphite  fiber.  With  the  better  packing  characteristics  of 
the  T300,  higher  fiber  volumes  are  possible  and  consequently  a higher 
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TABLE  II  QUALIFICATION  DATA  COMPARISON 


PHYSICAL  PROPERTIES  OF  UNCURED  IMPREGNATED  MATERIAL 


NARMCO  5209/T300 


NARMCO  5208/T300 


TEST  REQUIRED  TEST  REQUIRED 

BATCH  (207-81-1*10/1)  BATCH  (207-8-1*10/2) 


Volatile 
Content,  % vt. 


Non- fiber 
Content , ! vt . 


1.7  max 


1+1+1* 


1.7  max 


1*1+1+ 


Resin  Flow,  % 

23 

10-21* 
§250  F 

20.2 

10-21+ 

@350  F 

Gel  Time 

17 

5-20  min 
@250  F 

37 

25-1*5  min 
@325  F 

Tack 

pass 

30  min 

pass 

30  min 

] 

PHYSICAL  PROPERTIES  OF  CURED 

LAMINATE 

Void  Content 

pass 

NDT 

pass 

NDT 

Density 

1.53 

1.56+. 02 

1.55 

1.56+. 02 

Fiber  Volume  % 

65-5 

62  .+1+ . 

73.0 

62  .+1*. 

TABLE  III  PROCESS  COMPARISON 


Cure  temperature 
Cure  Time,  Hrs 
Tooling 
Warpage 

Adhesive  Performance 
Co-curing 


5209  (260  F Cure) 

5208  (360  F Cure) 

260  F 

350  F - 1*00  F 

1.5 

1*.  0 

Aluminum  or  Fiber  glass 

Aluninum/Steel 

Lower  Warpage 

Higher  Warpage 

High  Peel  and  Strength 

Low  Peel  and  Strength 

No  over  curing  problem 

Over  curing  problem 

* 


0°  tensile  and  compressive  modulus  is  available  at  comparable  shear  values. 
The  90°  tensile  and  compressive  modulus  values  are  slightly  lower. 

2.  Processability  - cure  temperature  (260F)  is  lower  than  the  5208  system 
(350?).  This  causes  less  tool/part  expansion  problems,  less  heat  up  and 
cool  down  time,  lower  cost  tooling  materials  and  less  tool  fabrication 
costs. 

3.  Adhesive  Compatibility  - One  of  the  advantages  of  using  a 260F  cure 
graphite/epoxy  system  is  the  concurrent  capability  of  co-curing  with  a 
260F  cure  adhesive  as  compared  to  a 350F  cure  adhesive.  The  11-1113  260F 
cure  generates  shear  strengths  of  5000-6000  psi  and  T-peel  of  4o-60 
lbs/in.  While  tests  at  VSD  demonstrate  that  260F  cure  adhesives  may  be 
co-cured  with  350F  cure  graphite  epoxy  laminates  for  2-3  hours  at 
temperature,  it  has  been  found  that  the  shear  strength  of  the  260F  cure 
adhesive  drops  from  the  normal  5000-6000  range  down  to  the  2000  to  3000 
range.  The  best  available  adhesive  system  for  spoiler  usage  is  M-1113 
with  a 260F  cure. 

4.  Cost  - Since  cost  is  a primary  consideration,  trade  offs  must  consider 
cost  of  processing,  see  Table  III.  Lower  cure  temperatures  lead  to  lower 
production  costs,  increased  production  rates  with  existing  equipment, 
and  decreased  tooling  costs.  Almost  double  the  production  can  be  put 
through  the  same  autoclave  with  a 1.5  hr.  cure  cycle  as  can  be  put  tiirough 
at  4 hours  with  a 360F  cure  material. 


Core  Material 

The  selection  of  the  core  was  governed  largely  by  the  requirement  to  minimize 
the  use  of  metals  in  conjunction  with  the  graphite/epoxy  materials.  This 
avoids  the  problem  of  galvanic  reactions  and  corrosion  which  are  common  to 
aircraft  components  in  naval  environments.  The  core  used  is  Kexcel  HRP  glass 
core  which  is  compatible  with  the  materials  and  process  requirements  of  the 
graphite/epoxy  being  used.  A constant  core  density  of  5»5#/ft3  is  used  to 
reduce  the  required  number  of  splices  from  five  to  three  splices  per  assembly. 


Specifications 

All  specifications  used  on  this  program  are  listed  in  Table  IV. 


Material  Allowables 

Unidirectional  lamina  strength  and  elastic  properties  for  IIARMC0  5209/T300 
intermediate  strength  graphite/epoxy  are  shown  in  Table  V.  These  data  were 
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TABLE  IV  MATERIALS  AND  PROCESS  SPECIFICATIONS 


TYPE 

SPECIFICATION 

VSD 

SPECIFICATION 

NUMBER 

TITLE 

Process 

208-8-3 

Graphite  Tape  and  Sheet,  Resin 
Impregnated  for  Hand  Layup 

Material 

207-8-1410/1 

Graphite  Fiber  Tape  and  Sheet. 
Epoxy  Resin  Impregnated 

Material 

207-8- Ul5 

Film  Adhesive  and  Primer  for 
Bonding  Precured  Composite 
Laminate  and  Sandwich 
Structures 

General 

207-8-1410 

Graphite  Fiber  Tape  and  Sheet. 
Epoxy  Resin  Impregnated 

Material 

207-8-1417 

Core  Filling  Compound,  Two  Part 
Paste 

Material 

207-8- L08 

Adhesive  System  for  Bonding  of 
Aluninum-to-Aluminum  and  Alumi- 
Faces  to  Non-Perforated,  Aluminum 
Honeycomb  Core  for  l80°F  Service 
(Type  III  only) 

Process 

CVA8-51 

Aluminum,  Cleaning  and  Etching 
for  Bonding 

Material 

207-8-1411 

Core,  Honeycomb  non-metallic 

Material 

CVA8-I4O5 

Epoxy  Adhesives 

Process 

CVA8-206 

Bonding  with  Epoxy  Adhesives 

Material 

CVA-6-579 

Heat  Resistant  Sealant,  250°F 
Service  Temperature 

Process 

CVA6-177 

Sealing  Compounds  Preparation 
and  Application  of 

Process 

CVA8-39 

Metalite,  Fabrilite,  and 
Wood  Parts,  Protection  of 

Process 

208-8-12 

Bonding  of  Metal-to-Metal 
and  Metal  Faces  to  Honeycomb 
Core  for  l80°  Service 

Process 

208-7-18 

Epoxy  Reinforced  Solid 
Laminates  and  Laminate  Facings 
for  Sandwich  Construction, 
Fabrication-  of 

TABLE  V UNIDIRECTIONAL  PROPERTIES  OF  5209/T300 

GRAPHITE  EPOXY 


Values  are  shown  as  B-basis  allowables  where  a sufficient  data  base  is 
available.  The  B-basis  allowables  are  defined  as  the  value  above  which  at 
least  90  percent  of  the  population  of  values  are  expected  to  fall,  with  a 
confidence  of  95  percent. 

Design  allowables  for  other  non-netallic  materials  including  core  and 
adhesives  are  presented  in  Table  VI.  Strength  data  are  from  sources  such  as 
industry  specifications,  military  specifications,  R&D  programs,  and  prior 
in-house  testing. 

For  final  design  and  structural  analysis  of  the  critical  sections,  allowables 
were  modified  where  verification  or  qualification  tests  indicated  this 
information  did  not  apply. 

ANALYSIS 

Structural  Analysis 

Stress  analysis  of  the  composite  spoiler  is  presented  in  this  section.  The 
analysis  covers  the  critical  areas  of  the  plank,  and  includes  analysis  of 
the  graphite/epoxy  faces,  the  HRP  honeycomb  core,  and  the  potted  inserts 
used  to  attach  the  hinge  fittings.  The  critical  loading  conditions,  shown 
in  Figures  h through  6,  were  used  for  the  analysis.  The  spoiler  surface  is 
critical  for  the  triangular  airload  distribution. 

Shear,  moment  and  torsion  diagrams  for  the  simply  supported  spoiler  surface, 
are  shown  in  Figure  T«  The  laminate  bending  and  torsional  stress  shown  in 
Figure  3 was  calculated  using  beam  theory  and  hand  methods  of  analysis. 
Margins-of-safety  for  the  critical  sections  were  calculated  using  a computer 
analysis  program.  The  program  is  a point  stress  analysis  of  a laminated 
orthotropic  structure  subject  to  in-plane  loads. 

Deflection 

The  spoiler  cavity  is  restricted  in  depth  and  little  cross  section  is 
available  to  provide  the  required  structural  stiffness.  Stiffness  is  crit- 
ical because  an  excessive  amount  of  deflection  would  result  in  unacceptable 
gaps  when  the  spoiler  is  in  the  open  position. 

Figure  9 is  a comparison  of  the  calculated  graphite  and  metal  spoiler 
stiffness.  Outboard  of  hinge  Station  101. U5  the  graphite  spoiler  is  stiffer. 
The  increase  helps  reduce  the  critical  tip  deflection  at  the  outboard  end  of 
the  spoiler. 
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FIGURE  10  DEFLECTED  SHAPE  COMPARISON 


A comparison  of  the  calculated  deflected  shape  of  the  aluminum  and  the  graphite 
spoilers  is  shown  in  Figure  10.  The  modulus  of  elasticity  used  to  calculate 
the  spoiler  section  properties  was  reduced  by  17.5  percent  as  a result  of 
design  verification  tests  (see  TR  150  discussion).  The  reduction  was  based 
on  the  minimum  value  obtained  in  the  test.  The  values  are  considered 
conservative  and  actual  measured  deflections  were  slightly  lower. 

Analysis  of  Laminate 

Two  checks  at  the  critical  point,  outer  hinge  Station  101.45  were  made.  The 
first  check  considered  the  basic  cross  section  without  the  local  effect  of 
the  insert  cutouts  and  added  local  doublers.  The  stress  levels  are  those 
shown  in  Figure  8.  This  stress  is  converted  to  running  load  for  input  into 
the  laminated  structural  analysis  routine  as  follows: 

Compression  inner  surface 

H = f t = (36,800)  (0.0U0)  = 1U72  lb/in. 

Tension  outer  surface 

II  -ft-  (22,425)  (0.040)  = 897  lb/in. 

X t 

Torsion 

N = (3550)  (0.040)  = 142  lb/in. 
xy 

The  combined  loading  effect,  results  in  a minimum  margin-of-safety  of  .97 
for  the  inner  skin  and  1.05  margin-of-safety  for  the  outer  surface.  The 
margin-of-safety  calculations  were  based  on  a limiting  strain  of  .007 
compared  to  the  design  value  from  Table  V of  .00895.  The  reduced  value  was 
used  based  on  the  results  of  design  verification  tests  as  discussed  under 
TR  l4l  data. 

The  second  analysis  at  Station  101.45,  where  the  highest  bending  stress 
occurs,  considers  laminate  cutout  and  added  doubler  ply  effects.  As  shown 
below,  the  same  running  load  is  applied  as  in  the  previous  analysis  except  an 
additional  load  is  added.  This  accounts  for  the  effect  of  the  out-of-plane 
load  applied  at  the  insert.  The  relationship  between  the  out-of-plane  "P" 
load  to  the  in-plane  load  is  based  on  strain  gage  information  derived  from 
the  design  verification  tests  summarized  in  TR  135  discussion.  The  calculated 
margins  of  safety  using  the  VGD  program  was  based  on  a limiting  strain 
acquired  from  design  verification  test  TR  l4l.  The  beam  test  results  show 
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that  limiting  strain,  which  includes  the  loss  of  strength  for  the  cutout,  to 
be  .0055*  The  detail  analysis  is  as  follows:  ^ ^ 

Running  Lead  (Compressive  Bending) 

I!  = 1^72  lb/in.  ULT 

Running  Load  (out-of-plane  insert  load)  \. 

K • 332  lb/i“  V /IN 

Total  N = II  + II*  = 1^72  + 332  = I80U  lb/in  ULT 

X X 

Element 


•1601*  #/ in. 


1U2  If/in. 


ilargin  of  Safety 

(Allowable  Strain  Based  on  Test) 


n.  s. 


Core  Analysis 

Figure  11  is  a plot  of  core  applied  shear  versus  allowable  shear  based  on 
minimum  specification  requirement  of  Table  V.  The  peak  stress  shewn  is 
based  on  an  effective  width  of'  U.50  inches  in  the  area  of  the  inserts. 

Insert  Analysis 


The  spoiler  plank  is  supported  by  two  hinge  fittings  located  at  Station  101. U5 
and  Station  57.33.  The  fittings  which  transmit  spoiler  loads  to  the  support 
structure  are  mounted  to  the  spoiler  plank  through  fasteners  bolted  into 
inserts  which  are  potted  into  the  honeycomb  core.  The  principle  loads  on  the 
inserts  are  compression.  Loads  are  conservatively  considered  to  be  reacted 
entirely  by  the  inserts  and  are  transmitted  into  the  honeycomb  core  through 


FIGURE  11  CORE  SHEAR  STRESS 


22 


jk  i**', 


£ xnt&mm 


the  potting  (see  page  24  for  analysis).  The  margin-of-safety  calculation  is 
based  on  a load  allowable  taken  from  test  results;  the  allowable  is  the 
minimum  value  obtained  fron  the  test  data. 

The  spoiler  to  hinge  fastener  load  distribution  calculation  at  the  outboard 
hinge  (triangular  airload  distribution)  is  shown  below: 


3100  IN-LBS 


2151  LBS 


* Distance  fron  CL  hinge  to  bolt  pattern  centroid 
**  Distance  fron  hinge  to  center  of  cross  section 
•‘■'be  naxinun  bolt  load  has  3 conponents  as  follows: 

P1  from  noraal  loads 
Pg  fron  monents  chordwise 
P^  fron  moments  fron  side  load 

P-i  = = 358  lbs/fastener 


*£,  = .[3100  - 2151  (7.25  - 6.73)1  2.5V 

> *■  T r\  CC 


= 476  lbs 


This  load  is  distributed  over  2 fasteners 
P0  * 239  lbs /fastener 


P3  * ^side 


Where  M = 260  lbs  x 1.26"  = 323  in- lbs 

h = 1.50  in  effective  at  3 location  = 4.5  in 
P3  = = 73  lbs /fastener 
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Total  fastener  load  is 


T 


P 

P 

A check  for 


compression  = P^+P^+P^ 
tension  = P^-Pg+P^ 
local  core  shear  stress 


= 670  lbs 

= 192  lbs 

adjacent  to  the  insert  is  made  as  shown. 


P = 670  INSERT 


Allowable  Stress  based  on  test  P = 1210# 


M.  S. 


1210 
"S70  " 
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DESIGH  VERIFICATION  TESTS 
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A series  of  subcomponent  tests  verified  the  spoiler  design. 

Table  VII  lists  the  subcomponent  tests  performed  for  this  program. 


TABLE  VII  -DESIGN  VERIFICATION  TESTS 


TR  NUMBER 

SUBJECT 

* 

TR-135 

STRENGTH  EVALUATION  OF  POTTED  INSERTS 

TR-lUO 

TENSION,  COMPRESSION  AND  SHEAR  PROPERTIES  OF  HRP 
CORE/GRAPHITE  FACED  SANDWICH  STRUCTURE 

TR-lUl 

SANDWICH  BEAM  FLEXURE  TESTS 

TR-1U2 

HINGE  FITTING/SANDWICH  PANEL  TESTS 

TR-ll<7 

PANEL  EDGE  CLOSE  OUT  TEST 

TR-150 

COMPRESSION  PROPERTIES  - CO-CURED  SANDWICH  SPECIMENS 

n 'w 

' i 


TR-135  Strength  Evaluation  of  Potted  Inserts 

Tension  and  compression  strengths  of  potted  inserts  were  tested  in  4.00  inch 
rectangular  specimens.  Torsional  strengths  were  tested  in  2.00  inch  rectan- 
gular specimens.  All  specimens  were  fabricated  with  a 5*5  #/ft3  HRP  core 
and  7 ply  graphite/epoxy  faces.  The  inserts  were  potted  in  the  same  manner 
as  in  the  spoiler  assembly  in  both  fixed  and  self-aligning  versions. 

Table  VIII  summarizes  the  test  data.  The  tension  and  compression  test 
fixture  is  shown  in  Figure  12. 

TR-14Q  Tension.  Compression  and  Shear  Properties  of  HRP  Core/Graphite  Faced 
Sandwich  Structure 

Flatwise  tension  and  compression  and  short  beam  shear  tests  were  run  to 
determine  the  properties  of  a basic  sandwich  construction  using  liRP  core  and 
graphite/epoxy  faces.  The  test  results  are  summarized  in  Table  IX.  The  test 
fixture  for  the  core  shear  test  is  shown  in  Figure  13. 

TR-lUl  Sandwich  Beam  Flexure  Tests 

The  flexural  strength  of  the  spoiler  at  the  inboard  and  outboard  hinge 
locations  was  verified  with  and  without  inserts.  Two  series  of  tests  were 
conducted  with  a four  point  loading  system  as  shown  in  Figure  14. 


Specimens  IWO,  0W0,  0W  and  IW  were  initially  tested  to  evaluate  basic  ply 
strength  and  component  capability  in  the  inboard  and  outboard  hinge  area. 

All  specimens  failed  in  the  area  of  maximum  moment  (on  the  compression  face) 
except  two  specimens  that  failed  outside  the  test  area.  Specimens  failed  at 
lower  longitudinal  strains  than  predicted  vising  allowables  of  Table  V.  Loss 
of  capability  was  attributed  to  local  dimpling  between  cells  when  the  laminate 
was  co-cured  to  the  core. 

To  determine  the  effect  of  dimpling  on  tensile  strength,  eight  tension 
specimens  (IW01-1  thru  -4  and  IW02-1  thru  -4)  were  cut  from  the  laminate  skins 
of  flex  beam  specimens  IW01  and  IW02.  As  shown  in  Table  X,  no  significant 
strength  or  modulus  loss  was  noted. 

After  an  additional  ply  of  material  was  added  to  the  basic  component  skin  to 
compensate  for  the  loss  of  stiffness  from  dimpling,  fifteen  (15)  additional 
specimens  (BIW,  BOW,  and  B0W0)  were  fabricated  and  tested  to  evaluate  the 
full  scale  component  capability.  Three  of  the  specimens  (B0W0-1  thru  -3) 
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had  pre-cured  skin  to  reduce  laminate  dimpling.  These  specimens  show  higher 
failing  loads  and  failing  stresses  that  are  close  to  predicted  values. 

Specimens  BIW  and  BOW  indicated  that  adequate  capability  was  available  in  full 
scale  components  to  sustain  design  loads. 

Three  specimens  were  built  (BFOW-1  thru  -3)  to  evaluate  fatigue  capability. 
These  specimens  show  capability  of  sustaining  100  + lives,  indicating  a high 
probability  that  the  full  scale  component  would  meet  the  fatigue  requirements. 

TR-142  Hinge  Fitting/Sandwich  Panel  Tests 

Both  tension  and  compression  loads  were  applied  to  three  (3)  spoiler  planks 
through  a simulated  hinge  fitting  as  shown  in  Figure  15.  The  specimens  were 
tested  to  limit  load  in  tension  and  failing  load  in  compression. 

Two  of  the  specimens  failed  on  the  tension  face.  Stress  level  based  on  load 
was  100.9  and  96.2  KSI.  Both  failures  occurred  at  the  edge  of  the  fitting. 

The  third  specimen  failed  in  the  core  at  a laminate  flexural  stress,  based  on 
load,  of  97.5  KSI.  The  higher  failing  stress  was  attributed  to  a local  load 
redistribution  because  of  the  presence  of  the  fitting. 

TR-l^T  Panel  Edge  Closeout  Test 

The  flexural  strength  characteristics  of  a typical  sandwich  panel  with  close- 
out edge  members  and  an  eight  ply  upper  and  lower  surface  was  determined  by 
this  test. 

Three  specimens  were  fabricated  and  static  tested  to  failure  as  shown  in 
Figure  l6.  Figure  17  shows  a failed  specimen.  Table  XI  summarizes  the 
specimen  configurations  and  test  results. 

Examination  of  the  test  data  and  the  failed  specimens  revealed  two  things. 

(1)  All  specimens  failed  in  the  compression  face  at  a lower  value 
than  was  predicted.  This  is  attributed  to  face  dimpling. 

(2)  Laminate  edge  member  shear  stress  was  low,  indicating  that  the 
vertical  load  is  reacted  by  the  honeycomb  core. 

TR-150  Compression  Properties  of  Co-Cured  Sandwich  Specimens 
This  test  was  conducted  to  determine  the  compressive  modulus  when  the  wet 
laminate  is  co-cured  to  the  HRP  core.  It  was  found  that  the  modulus  of  the 
co-cured  specimen  was  from  12.5  to  17. 5#  lower  than  the  design  modulus.  Thus, 
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FITTING/ SANDWICH  PANEL  SPECIMEN  (TR-142) 


FIGURE  16  TEST  SET-UP  FOR  PANEL  WITH  EDGE  CLOSEOUT  (TR-147) 
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an  extra  ply  of  material  was  added  to  the  upper  and  lover  faces  of  the 
spoiler.  Suspecting  laminated  dimpling  between  cell  walls,  other  specimens 
were  run  with  precured  (and  thus  pre-stabilized)  core.  Testing  showed 
modulus  values  equal  to  or  greater  than  the  design  values. 

Table  XII  summarizes  the  test  results,  and  Figure  18  shows  the  test  set  up. 


Weight 


Based  on  the  completed  design  drawings  and  data  available  from  production 
sources,  a weight  comparison  of  the  graphite  composite  spoiler  and  the  metal 


design  was  made  and  is  presented  in  Table  XIII. 


TABLE  XII  TR  150  COMPRESSION  TEST  SPECIMEN  RESULTS 
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SECTION  3 

MANUFACTURING  DEVELOPMENT  AND  FABRICATION 


The  manufacturing  development  portion  of  the  program  has  covered  tooling,  a 
spoiler  manufacturing  plan  and  fabrication  of  manufacturing  development 
specimens,  design  verification  specimens,  three  static  test  spoiler  assemblies, 
and  one  fatigue  test  spoiler  assembly. 

Two  types  of  templates  were  used  for  spoiler  fabrication,  (l)  mylar  templates, 
and  (2)  aluminum  trim  templates.  A glass  epoxy  molding  tool  was  designed 
and  fabricated  for  spoiler  assembly  and  cure.  Tab  stiffener  sub-assemblies 
were  cured  using  a .38  thick  flat  aluminum  plate  as  a tool. 

To  establish  techniques  for  fabrication  of  the  four  deliverable  spoiler 
assemblies  four  types  of  manufacturing  development  specimens  were  made.  Three 
specimens  were  made  to  determine  the  best  method  for  lightning  protection 
screen  attachment  to  the  spoiler  lower  skin.  Six  specimens  were  manufactured 
to  establish  a satisfactory  method  for  honeycomb  core  edge  stabilization  in 
order  to  resist  core  collapse  due  to  autoclave  cure  pressure.  Two  specimens 
were  made  to  be  used  as  standard  defect  specimens  for  ultrasonic  immersion 
testing  as  well  as  determination  of  the  correct  resin  bleeder  material  to  be 
used  between  the  tool  and  the  spoiler.  The  fourth  specimen  represented  the 
outboard  end  of  the  spoiler  with  one  hinge  tab  and  edge  closeouts  on  all  four 
sides.  This  specimen  rendered  proof  of  tooling  concept  prior  to  lay-up  and 
cure  of  the  manufacturing  development  spoiler.  Table  XIV  summarizes  the 
results  of  the  manufacturing  development  specimens. 


TABLE  XIV  - MANUFACTURING  DEVELOPMENT  SPECIMENS 


SPECIMEN 

NUMBER 

REQUIRED 

DATA 

RESULTS 

MDS-1 

Lightning  protection 
screen  attachment 

Layer  of  adhesive  between 
screen  and  lover  skin 

MDS-2 

Honeycomb  core  edge 
stabilization 

350F  curing  phenolic 
resin 

MDS-3 

IJDT  data  & lower  resin 
bleeder  requirements 

1.  Minimum  detectable 
delamination  = .50  dia 

2.  With  screen  and  resin 
bleeder  required 

MDS-lt 

Proof  of  tooling  concept 

Concept  satisfactory 

hi 
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A spoiler  subassembly  was  fabricated  as  confirmation  of  the  manufacturing 
planning,  checkout  of  the  molding  tool  and  processing  parameters.  No  final 
assembly  operations  were  carried  out  for  this  article,  i.e.,  no  hinge 
assemblies  or  trailing  edge  seal  were  installed.  Provisions  for  these  items 
were  included  by  installation  of  the  threaded  inserts  and  drilling  and 
countersinking  the  seal  attach  holes.  Fabrication  of  the  manufacturing 
development  article  was  in  accordance  with  the  following  fabrication  sequence. 

I.  Core  Stabilization 

A.  Machine  core  segments  to  size 
3.  Sand  .125  R per  engineering  drawing 

C.  Machine  lower  bevels 

D.  Clean  core 

1.  Solvent  flush 

2.  Dry  (l  hr.  Q R.T.) 

3.  Wrap  in  clean  Kraft  paper 

E.  Stabilize  core 

1.  Stabilize  periphery  of  core  by  dipping  in  SC  1008  phenolic 
resin 

2.  Cure  in  oven  (350F  - 1 hr.) 

3.  Wrap  in  clean  Kraft  paper 

II.  Tab  Stiffener  Assembly  (Separate  Operation) 

A.  Prepare  tool  (flat  plate)  for  bonding 

1.  Solvent  clean 

2.  Apply  release  coating 

B . From  broadgoods 

1.  Lai''  up  one  (10  inch  x 7 inch)  U ply  laminate  (per  7&-002553) 

2.  Trim  one  piece  HRP  core,  5x7  inches 

a.  Saw  7 inch  edges  at  30°  bevel 

b.  Clean  core 

(1)  Solvent  flush 

(2)  Dry  (l  hr.  g R.  T. ) 

(3)  Wrap  in  clean  Kraft  paper 


b2 


3.  Trim  film  adhesive,  specification  207-8-415,  type  II,  grade  10 
to  match  laminate 

a.  Apply  adhesive 

b.  Remove  backing  film 

4.  Apply  core  to  adhesive  per  engineering  drawing 

C.  Prepare  for  cure  (specification  208-8-3),  apply: 

1.  Peel  ply 

2.  Separator  film 

3.  Bleeder 

4.  Vacuum  bleeder 

5.  Breather 

6.  Bagging  film 

D.  Autoclave  cure 

1.  Door  close  to  door  open  - 4 hrs. 

E.  Debag 

F.  Machine  -22  and  -23  (78-002553)  from  stock  produced  by  B thru  E 
above. 

G.  Clean  -22  and  -23 

1.  Solvent  clean 

2.  Dry  (160F  for  1 hr.) 

3.  Wrap  in  clean  Kraft  paper 

III.  Lower  Skin  Assembly 

A.  Prepare  tool  for  bonding 

1.  Solvent  clean 

2.  Apply  release  film 

3.  Apply  peel  ply 

B.  Template  trim  120  mesh  screen  to  size 

C.  Clean  screen  (CVA  8-51,  Method  II) 

1.  Vapor  degrease 

2.  Rinse 

3.  Alkaline  clean 

4.  Rinse 

5.  Acid  clean 

6.  Rinse 

7.  Protect  (paper  wrap) 

8.  After  cleaning  handle  screen  only  when  using  cotton  gloves 


D.  Apply  screen  in  molding  tool 

E.  Apply  film  adhesive,  specification  207-8-415,  type  II,  grade  10 

1.  Template  trim 

2.  Place  on  assembly 

3.  Remove  backing  film 

F.  Hand  lay  up  lower  skin  (Ref  Figure  19) 

1.  Trim  plies  number  1 thru  9 (one  template) 

2.  Place  lower  skin  on  tool  (use  transfer  template) 
a.  Remove  mylar  backing 

G.  From  broadgoods  (38  inches  x 90  inches  - 45°  orientation) 

1.  Trim  ply  numbers  10  thru  18  (17  templates)  (Ref  Figures  20  thru  24) 

2.  Apply  plies,  in  proper  sequence,  on  tool 
a.  Remove  I-Jylar  backing 

IV.  Lower  Skin/Core  Subassembly 

A.  Apply  film  adhesive,  specification  207-8-415,  type  II,  grade  10, 
to  lower  skin  to  core  faying  surface 

1.  F.  move  backing  film 

B.  Place  core  segments  onto  lower  skin 

1.  Use  adhesive  foam  specification  207-8-408,  type  III,  for  core 
splice  (2  places) 

C.  Apply  film  adhesive,  specification  207-8-415,  type  II,  grade  10 
to  upper  surface  of  core 

1.  Remove  backing  film 

V.  Upper  Skin  Assembly 

A.  Hand  lay  up  upper  skin  (Ref  Figure  25) 

1.  Trim  ply  numbers  1 thru  9 (one  template) 

2.  Trim  plies  for  upper  skin  doublers  (three  templates) 

3.  Apply  to  tool  (vise  transfer  template)  butt  joint  corners 
per  engineering  drawing  78-002553 

4.  Apply  upper  skin  aoubler  ply  stack  on  upper  skin  (use 
transfer  templates)  (Ref  Figure  26) 

Protect  from  contamination 
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PLY  11 


ORIENT. 
+ 45° 
-45° 


FIGURE  2 0 EDGE  DOUBLERS  (PLIES  10  & 11) 


U6 


•* 


END  OF  PLY 
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FIGURE  26  UPPER  SKIN  DOUBLERS 
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VI.  Spoiler  Assembly 

A.  Apply  film  adhesive,  specification  207-&-415,  type  II,  grade  10, 
to  -22  and  -23  (reference  Item  II) 

B.  Position  -22  and  -23  on  assembly 

C.  Prepare  for  cure,  specification  208-8-3 
1.  Similar  to  item  II.C.l  thru  6 

D.  Autoclave  cure 

1.  Door  close  to  door  open  - 4 hrs. 

E.  Debag 

F.  Rough  trim  (remove  excess  resin  and  molding  flash) 

G.  NDT(  24  -3 6 hrs.  turn  around) 

H.  Machine  to  final  size  (leave  tooling  tab  at  each  end) 

I.  Install  hinge  inserts 

1.  Using  production  hinges  and  shims 

a.  Load  hinges  and  spoiler  in  assembly  tool 

b.  Pilot  holes  in  spoiler  (inner  skin  only) 

c.  Install  inserts 

(1)  .5  diameter  hole  in  spoiler  inner  skin 

(2)  Under  cut  core 

(3)  Clean  core 

(a)  Solvent  flush 

(b)  Dry  (160F  for  1 hr.) 

(4)  Using  paste  adhesive,  specification  CVA  8-405,  type  VI 

(a)  Mix  adhesive 

(b)  Fill  cavity  ( 1/ 2 full) 

(c)  Install  inserts 

(d)  Fill  cavity 

(e)  Cure  (8  hrs.  S R.  T.) 

d.  Using  sealant,  specification  CAV  6-579,  seal 
(l)  Seal  edges  of  -22  and  -23 

J.  Seal  Attach  Provisions 

1.  Drill  66  holes  per  engineering  drawing 

K.  Final  Inspect 
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Process  control  specimens  were  made  for  the  manufacturing  development 
article.  These  specimens  are  fabricated  at  the  same  time,  with  the  sane 
materials,  and  under  the  same  procedures  as  the  spoiler.  These  provided  a 
baseline  for  future  process  control  specimens  and  give  an  idea  of  the  quality 
of  the  material  and  procedures.  In  this  case  two  extra  sets  of  process 
control  specimens  were  fabricated.  One  set  was  made  with  a bonded  aluminum 
screen.  The  second  set  was  made  with  scrim  cloth  between  the  specimen  and 
the  screen  so  that  the  screen  could  be  removed  after  curing.  The  purpose  of 
these  specimens  was  to  check  the  weakening  effect  due  to  bleed  off  of  resin 
into  the  screen.  This  bleed  off  of  resin  raises  the  fiber  volume  and  there- 
fore it  was  expected  that  the  screen  would  decrease  the  short  beam  shear 
strength  and  increase  the  modulus.  Results  concur  with  prediction  as  can  be 
seen  in  Table  XV. 


TABLE  XV  - PROCESS  CONTROL  SPECIMENS  - 
MANUFACTURING  DEVELOPMENT  SPOILER 


PEEL  PLY  BOTH  SIDES 

SCREEN  WITH 
SCRIM  CLOTH 

WITH  BONDED  SCREEN 

f 

sa 

13,666  * 

12,511 

11,063 

F 

231,^69 

228,091 

280,846 

E 

18.03  x 10s 

21.21  x 106 

26.11  x 106 

* All  values  are  averages 


The  spoiler  was  then  cut  into  three  basic  types  of  specimens.  These 
consisted  of  flexural  beam  specimens,  tensile  specimens,  and  potted  insert 
specimens.  Three  flexural  beam  specimens,  twelve  (12)  tensile  specimens, 
six  (6)  from  the  upper  skin  and  six  (6)  from  the  lower  skin,  and  two  (2) 
potted  insert  specimens  were  fabricated  from  the  full  scale  component.  These 
were  cut  from  the  spoiler  as  shown  in  Figure  27. 

The  three  flexural  beam  specimens  were  four  point  loaded  as  shown  in  Figure  28A. 
The  load  concentrations  made  it  necessary  to  neck  down  specimens  A & B as 
shown  in  Figure  28B.  This  necking  down  of  the  specimen  assured  that  the  beam 
would  fail  in  flexure.  Specimen  C could  not  be  necked  down  because  of  the 
potted  inserts.  This  beam  was  prepared  in  order  to  test  the  weakening  effect 
of  the  potted  inserts.  The  general  area  of  the  inserts  was  strengthened  with 
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FIGURE  27  SPECIMEN  LOCATIONS  - MANUFACTURING  DEVELOPMENT  SPOILER 


a two  ply  doubler  as  shown  in  Figure  3 . In  order  to  insure  that  the  bean 
would  fail  in  flexure  the  core  was  removed  and  replaced  with  potting  up  to 
a point  0.5  inch  inside  of  the  load  concentrations. 

The  twelve  tensile  specimens  consisted  of  six  (6)  upper  skin  coupons  and 
six  (6)  lower  skin  coupons  with  the  core  removed.  They  were  fashioned  for 
testing  as  shown  in  Figure  29. 

The  results  of  tests  on  the  manufacturing  development  article  are  shown  in 
Table  XVI. 


TABLE  XVI  - TEST  DATA-! IAN UFACTURING  DEVELOPMENT  SPECIMEN 


SPECIMEN 

REMARKS 

Flex  Specimens 

Load 

B 

780# 

Failed  in  necked  down  area 

A 

1065# 

Failed  in  necked  down  area 

C 

3970# 

Failed  at  edge  of  doubler  outboard  of 
outboard  hinge 

Inserts 

Load 

All  values  except  compression  3 were  to 
115? 

Tension-1,2,3 

221# 

No  failure 

Compression-1,2 

771# 

No  failure 

Compression  3 

1805# 

Failure 

Torque  1,2,3 

70  in-lb 

No  failure 

Tensile 

F* 

tu 

Loads  shown  are  averages 

A 

105,330 

0°,  w/o  screen  bonded  tab  failure 

B 

88,870 

0°,  w screen;  failed  center  (test  section) 

C 

13,670 

90°,  w/o  screen;  failed  edge  of  bonded 
grip  end 

D 


11,930 


90°,  w screen;  failed  edge  of  bonded 
grip  end 


5 10'  (REF) 


•-REF  SKIN 
THICKNESS 
AS  LOCATED 
IN  FIG.  27 


CENTERED  ROSETTE 
ONE  SIDE  (INSTALL 
ON  4 SPECIMENS) 


R (TYPICAL) 


FIGURE  29  TENSILE  COUPONS  - MANUFACTURING  DEVELOPMENT  SPOILER 


As  can  be  seen  in  Figure  27  one  of  the  flex  specimens  was  cut  across  the 
outboard  hinge  area  and  included  four  inserts.  This  specimen  had  a 10  ply 
upper  and  an  8 ply  lower  surface.  The  other  two  flex  specimens  had  6 ply 
upper  and  lower  surfaces.  The  specimen  with  the  inserts  failed  along  the 
edge  of  doubler  on  the  outboard  side.  The  other  two  failed  in  the  necked 
down  section,  at  the  edge  of  the  radius. 


The  inserts  were  tested  to  115/5  of  design  limit  load  as  verification  of 
predicted  strength.  One  of  the  compression  specimens  was  tested  to  failure 
to  get  an  idea  of  actual  strength  and  margin  of  safety.  It  tested  to  1805 
lbs  or  270/5  of  design  limit  load. 


There  is  an  aluminum  screen  used  for  lightning  strike  protection  on  one  side 
of  the  spoiler.  Therefore,  half  of  the  tensile  specimens  were  tested  with  a 
screen  and  half  without.  The  screen,  as  shown  by  tests  on  the  process 
control  specimens,  had  a weakening  effect  on  the  specimens. 


Four  spoiler  assemblies  were  fabricated  for  testing  at  NADC.  The  first  three 
articles  are  for  static  testing  while  the  fourth  is  a fatigue  article.  Static 

I 

test  articles  1 and  2 were  fabricated  in  the  same  manner  as  the  manufacturing 
development  article.  Static  article  3 and  the  fatigue  article  were  manufac- 
tured in  accordance  with  the  revised  manufacturing  plan  as  described  in 
Appendix  C.  The  change  allows  direct  layup  of  the  edge  doublers,  deleting 
the  use  of  doubler  transfer  templates. 

The  glass  epoxy  molding  tool  has  the  edge  of  part  (EOP)  outline  and  two  tooling 
hole  locations  scribed  lightly  on  the  OML  surface.  Two  removable  tooling 
pins  were  utilized  to  key  all  mylar  templates  to  the  EOP  outline.  Figure  30 
shows  the  molding  tool  vith  tooling  pins  attached  by  double  faced  tape.  To 
provide  a surface  for  lay-up  of  the  Bkins  for  the  spoiler  an  outline  of  the 
spoiler,  which  includes  .38  trim  on  all  sides,  was  drawn  on  a polyethylene 
sheet.  This  surface  shown  in  Figure  31  also  included  a table  of  ply  numbers 
and  orientations.  A sheet  of  nylon  film  wan  taped  to  the  table  and  the  lower 
skin  was  hand  layed-up  ply  on  ply.  Ply  Number  1 is  shown  in  Figure  32.  Figure  33 
shows  partial  completion  of  ply  number  6.  Partial  plies  Numbers  7 and  8 are 
shown  in  Figure  31*.  The  complete,  template  trimmed  lower  skin  is  shown  in 
Figure  35.  A single  sheet  of  U50  orientation  broad  goods  was  prepared.  Metal 
templates  were  used  to  trim  the  picture  frame  doublers  to  size.  The  lower 
skin  and  doubler  plies  were  transferred  to  the  tool  by  utilizing  mylar  trans- 
fer templates.  Figure  36  shows  doubler  ply  number  lU  on  the  transfer 
template.  The  complete  lower  skin/picture  frame  subassembly,  after  vacuum 
debulking  is  shown  in  Figure  37. 

Film  adhesive  is  applied  to  the  lower  surface  of  the  previously  machined  and 
cleaned  honeycomb  core  segments.  Foam  adhesive  is  applied  to  the  ends  of  the 
center  core  segment.  Starting  with  one  of  the  end  segments  the  core  is 
applied  to  the  skin/doubler  subassembly.  This  stage  of  manufacture  is  shown 
in  Figure  38.  Film  adhesive  is  now  attached  to  the  upper  and  sloped  edges 
of  the  core.  The  protective  film  is  left  in  place  during  the  lay-up  and 
trim  of  the  upper  skin  assembly.  This  lay-up  process  is  accomplished  in  a 
similar  manner  to  that  employed  in  the  fabrication  of  the  lower  skin.  Transfer 
to  the  tool  is  again  accomplished  by  transfer  template.  The  upper  skin 
requires  draping  and  trimming  at  each  corner.  Vacuum  debulking  is  again  used 
after  the  upper  skin  application  as  shown  in  Figure  39. 

59 


FIGURE  36:  PICTURE  FRAME  DOUBLER,  PLY  14,  FIGURE  37:  LOWER  SKIM  AND  PICTURE  FRAME  DOUBLERS 

ON  TRANSFER  TEMPLATE  AFTER  TRANSFER  TO  MOLDING  TOOL 


The  precured  tab  stiffeners  are  template  located  on  the  spoiler  assembly, 
after  application  of  film  adhesive  to  the  core  to  spoiler  faying  surface. 
Figure  40  shows  these  tab  stiffeners  in  place,  as  well  as  the  Corprene  dam 
in  place  around  the  spoiler.  Peel  ply,  teflon  coated  glass  fabric,  and 
resin  bleeder  material.,  as  shown  in  Figure  4l,  are  secured  to  the  part. 

Two  process  control  specimens  are  required,  per  specification  208-8-3.  P/C  1 
is  a sixteen  ply  unidirectional  laminate,  from  which  flexure  and  short  beam 
specimens  are  made.  Both  P/Cl  and  P/C  2 are  shown  in  Figure  42,  P/C  2 
is  a sandwich  specimen  with  seven  ply  alternate  0°  and  90°  oriented  skins. 
Flatwise  tensile  specimens  are  fabricated  from  this  sandwich.  Both  specimens 
are  cured  under  the  vacuum  blanket  covering  the  spoiler  assembly. 

Figures  43  and  44  show  the  caul  plate  and  pressure  block  installation  prior 
to  bagging.  The  caul  plates  are  0.020  aluminum  alloy.  The  30°  sloping 
surface  of  the  spoiler  utilizes  two  angles  with  a 0.008  slip  sheet  under 
the  angles  at  the  Joints.  The  pressure  blocks  are  wooden  strips  which  fit 
the  caul  angles  on  two  sides  and  slope  upward  from  the  tool  surface. 

Figure  45  shows  the  tool,  spoiler  assembly  and  process  control  specimens 
after  the  completion  of  the  bagging  operation,  but  prior  to  cure.  Four  thermo 
couples  were  employed  during  the  cure  of  each  spoiler  assembly.  A thermo- 
couple is  located  in  each  of  the  tooling  tabs.  While  one  is  located  in  the 
solid  laminate  process  control  specimen,  the  other  is  located  in  the  lower 
skin  of  the  sandwich  process  control  specimen. 

Figures  46  and  4?  show  the  upper  and  lower  surfaces  of  static  article  Number 
1.  Close-up  views  of  the  hinge  installation  and  tab  stiffner  sealant 
application  is  depicted  in  Figures  48  and  49. 

Views  of  the  upper  and  lower  surfaces  of  static  articles  2 and  3 and  the 
fatigue  article  are  shown  in  Figures  50  thru  55. 

To  verify  spoiler  final  assembly  one  of  the  spoilers  was  attached  to  a S-3A 
wing  assembly.  The  actuation  system  was  operated  and  no  signs  of  unusual 
operation  or  system  malfunction  was  noted.  Figures  56  and  57  show  this 
installation. 


During  the  fabrication  of  static  article  Number  3 and  the  fatigue  article 
the  fabrication  sequence  vas  altered  slightly  to  eliminate  the  usage  of  the 
picture  frame  doubler  transfer  templates  for  assembly.  This  change  reduced 
the  man  hour  requirements  for  spoiler  fabrication.  This  change  is  reflected 
in  the  Revised  Manufacturing  Plan  as  shown  in  Appendix  C. 


SECTION  1+ 

COMPONENT  TESTING 

All  of  the  component  testing  was  conducted  by  the  Naval  Air  Development 
Center  at  Warminster,  Pennsylvania  under  the  direction  of  Mr.  A.  Manno.  Test 
results  and  data  were  supplied  to  VSD  for  incorporation  into  this  report. 

The  full  scale  component  tests  conducted  under  the  contract  include  three 
static  tests  and  a fatigue  test  as  defined  in  the  test  plans.  The  static 
test  plan,  report  number  2-53M0/3R-10108  included  in  Appendix  B defines  test 
loads  and  conditions.  The  fatigue  test  plan,  report  number  2-53M0/3R-10109 
is  also  included  in  Appendix  B. 

Two  types  of  process  control  specimens  were  fabricated  per  process  specifi- 
cations during  each  spoiler  assembly  cure.  One  specimen  consisted  of  a 16 
ply  unidirectional  solid  laminate  which  was  cut  into  three  zero  degree  flexure 
and  three  shear  specimens  for  testing.  The  second  specimen  was  a honeycomb 
sandwich  panel  with  the  same  core  els  the  spoiler  and  seven  ply  skins  oriented 
0,  90,  0,  90,  0,  90,  0.  This  was  cut  into  three  2"  x 2",  flatwise  tensile 
specimens.  The  test  results  on  these  specimens  are  compared  to  the  manufac- 
turing development  components  control  specimens  in  Table  XVII,  and  indicate 
no  deficiencies  in  manufacturing  process  control.  Table  XVIII  gives  the 
actual  weight  versus  the  predicted  weight  of  the  finished  test  components. 

The  static  test  articles  were  loaded  as  defined  in  the  Static  Test  Plan  shown 
in  Appendix  B,  and  evaluated  for  strength  and  stiffness,  to  verify  the  design 
capability  of  the  spoilers.  Stresses  and  deflections  were  measured  by  five 
rosette  gauges  and  twelve  deflectometers  on  each  spoiler. 

Although  the  closing  condition  is  the  critical  condition,  the  opening 
condition  was  tested  to  substantiate  the  spoiler  performance  for  tension 
loads  in  the  areas  of  the  hinges.  Each  test  checked  three  data  points  for 
the  closing  condition  ( 150/S  DLL,  177 % DLL,  and  failure),  and  one  data  point 
for  the  opening  condition.  The  requirement  for  sustaining  177$  of  DLL  as  a 
check  point  in  testing  resulted  from  an  S-3A  operational  change  which 
deactivates  the  upper  outer  spoilers  and  increases  the  loading  on  the 
remaining  spoilers. 
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STATIC  TESTS 

As  required  per  contract,  three  static  test  articles  were  fabricated 
according  to  the  drawings  of  Appendix  A,  and  the  materials  and  process 
specifications  of  Table  IV.  These  components  were  shipped  to  NADC  where  the 
actual  testing  was  accomplished. 

Static  Test  - Spoiler  HI 

The  test  report  for  static  spoiler  number  1 is  presented  in  Appendix  B.  The 
spoiler  was  loaded  thru  the  test  sequence  shown  in  Table  XIX. 


TABLE  XIX  - STATIC  TEST  #1  RUN  SEQUENCE 


RUN  NUMBER 

CONDITION 

MAX  LOAD  (JS  DLL) 

REMARKS 

1 

Opening 

Uo 

Check  loading 
fixture 

la 

Closing 

Uo 

Check  loading 
fixture 

2 

Opening 

100 

3 

Opening 

115 

It 

Closing 

100 

5 

Closing 

150 

6 

Closing 

177 

7 

Closing 

230 

7a 

Closing 

290 

Failure  at  300£ 
DLL  before  gages 
could  be  read 

The  critical  strains  and  deflections  were  checked  after  each  run  and  showed 
acceptable  correlation  with  the  predicted  values.  The  deflection  at  the 
outboard  tip  was  less  than  that  of  the  metal  spoiler  at  the  same  load. 
Loading  was  applied  in  increments  until  failure.  Failure  occurred  suddenly 
at  300  percent  DLL,  at  the  edge  of  the  outboard  doubler.  There  were  no 
preliminary  audible  indications  of  failure. 

Strain  measured  at  the  gauge  located  nearest  to  the  point  of  failure,  when 
extrapolated  to  the  point  of  failure,  was  .00U30.  Using  this  value  in  the 
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point  stress  analysis  routine,  discussed  in  Section  2,  results  in  close 
agreement  with  test  results  at  300#  DLL.  The  calculated  failure  occurred  at 
the  same  point  as  on  the  flexural  beam  specimen  cut  from  the  manufacturing 
development  article.  When  the  measured  strain  was  extrapolated  to  the  area 
of  the  outboard  hinge,  the  strain  was  .0061.  This  value,  being  higher  than 
predicted  by  previous  tests  (TR-lUl,  Table  X),  indicates  that  local  load 
redistribution  because  of  the  hinge  pad  reduces  the  local  stress. 

Measured  deflections  show  close  agreement  with  the  predicted  values,  and  are 
within  10#  of  the  predicted  values  at  150#  DLL.  A comparison  of  measured 
and  predicted  leading  edge  and  trailing  edge  deflections  for  Static  Test 
Article  number  one  (l)  are  shown  in  Figure  58. 

Static  Test  - Spoiler  02 

The  test  report  for  static  spoiler  number  2 is  presented  in  Appendix  B.  The 
second  test  series  is  given  in  Table  XX. 

TABLE  XX  - STATIC  TEST  02-RUN  SEQUENCE 

RUN  NUMBER  CONDITION  MAX  LOAD  (#  DLL)  REMARKS 

1 Opening  40  Check  run 


Check  run 
Check  run 

Check  run 


Lost  tension  pads 
(reworked) 

Discontinued  due 
to  pad  unbonding 

Retest  run  07 


NUMBER 

CONDITION 

MAX  LOAD  (#  DLL) 

1 

Opening 

4o 

2 

Opening 

115 

3 

Opening 

150 

4 

Closing 

40 

4a 

Closing 

4o 

5 

Closing 

100 

5a 

Closing 

100 

6 

Closing 

150 

7 

Closing 

177 

7a 

Closing 

80 

Failure  at  360# 
DLL  before  gages 
were  read. 


7b 

IT 

~ 


Closing 

Closing 

Closing 


177 

240 

350 


Failure  on  this  spoiler  occurred  at  the  same  location  as  in  the  first  spoiler 
test.  All  data  and  measurements  taken  indicate  similarity  to  test  data  taken 
during  test  number  1.  The  leading  and  trailing  edge  deflected  shapes  are 
plotted  and  compared  to  the  predicted  shapes  for  1502  DLL  as  shown  in 
Figure  59. 

Static  Test  - Spoiler  til 

The  test  report  for  static  spoiler  number  3 is  presented  in  Appendix  B.  The 
run  sequence  for  this  test  is  given  in  Table  XXI. 

TABLE  XXI  - STATIC  TEST  #3  - RUN  SEQUENCE 


RUN  NUMBER 


CONDITION 

Opening 

Opening 

Opening 

Closing 

Closing 

Closing 

Closing 

Closing 

Closing 

Closing 

Closing 


MAX  LOAD  {%  DLL) 
1+0 
115 
150 
40 
100 

150 

177 

160 


REMARKS 
Check  run 

Check  run 


Lost  pads 
(reworked) 

recalibration 

check 


Lost  pad  - test 
fixture  problems 


9a 

Closing 

160 

Test  fixture 
problem 

9b 

Closing 

260 

Lost  pad 
(reworked) 

9c 

Closing 

370 

Failed  at  3752 
DLL  while  loading 

Failure  on  the  third  spoiler  occurred  in  approximately  the  same  location  as 
the  first  and  second  spoilers.  The  recorded  data  was  showing  the  same 
similarity  as  achieved  in  prior  tests.  The  leading  and  trailing  edge 
deflected  shapes  for  spoiler  number  3 are  plotted  and  compared  to  predicted 
shapes  for  150/5  DLL  in  Figure  60. 
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FIGURE  59  MEASURED  VERSUS  PREDICTED  DEFLECTIONS 
STATIC  TEST  #2  AT  150%  DLL 


PREDICTED  DEFLECTION 
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FIGURE  60  MEASURED  VERSUS  PREDICTED  DEFLECTIONS 
STATIC  TEST  #3  AT  150%  DLL 


FATIGUE  TEST 

One  fatigue  teat  article  was  fabricated  in  the  same  manner  as  the  proceeding 
static  test  components  and  delivered  to  NADC  for  life  testing.  After 
successful  completion  of  the  required  cyclic  testing  as  defined  in  the  test 
plan  additional  testing  was  performed.  Table  XXII  shows  the  test  sequence 
used.  The  fatigue  test  report  is  presented  in  Appendix  B. 

TABLE  XXH  FATIGUE  TEST -RUN  SEQUENCE 


CONDITION  OPENING  LOAD  CLOSING  LOAD  LIFETIMES 


FATIGUE 

SPECTRUM 


FATIGUE 

SPECTRUM 


STATIC 

TEST 


SEE  FATIGUE  SEE  FATIGUE 
TEST  PLAN  IN  TEST  PLAN  IN 
APPENDIX  B APPENDIX  B 


150%  DLL 


177%  DLL 


330%  DLL 


REMARKS 


NO  DAMAGE 


REPLACED  SOME 
METAL  PARTS 


FAILURE 


The  critical  strains  and  deflections  were  monitored  during  the  fatigue 
design  requirements  test  and  no  significant  changes  were  observed.  Upon 
the  completion  of  the  fatigue  design  requirements  tests,  the  test  loads 
were  modified  to  150?  DLL  for  opening  loads  and  177?  DLL  for  closing  loads 
and  the  fatigue  test  rerun.  Damage  did  occur  to  both  the  graphite  and 
metal  parts  during  this  modified  testing.  Details  of  the  damage  incurred 
are  in  the  Fatigue  Test  Results  Report  in  Appendix  B. 

After  completing  the  fatigue  tests,  a static  test  to  failure  was  accom- 
plished. Failure  occurred  at  330?  DLLi  the  fracture  was  similar  to  the 
previous  static  tests.  The  location  of  the  failure  was  approximately 
four  inches  outboard  of  the  outboard  hinge  fitting.  There  was  no  audible 
warning  prior  to  failure. 
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SECTION  5 
COST  COMPARISONS 


INTRODUCTION 

Graphite  epoxy  material  is  a new  material,  with  desirable  engineering  charac- 
teristics for  aerospace  design.  However,  a new  material  not  only  must  have 
the  desired  engineering  properties,  but  also  must  be  cost  competitive  or 
have  lower  cost  when  comparing  components  fabricated  with  the  new  material 
to  metallic  components.  One  of  the  objectives  of  this  contract  was  to 
demonstrate  that  a graphite  epoxy  spoiler  could  be  fabricated  for  lower  cost 
than  the  semi-monocoque  metal  spoiler  for  the  production  quantity  planned. 
The  ground  rules  by  which  the  cost  comparison  data  was  collected  are  as 
follows : 

o The  graphite  epoxy  spoiler  assembly  is  interchangeable  with  the 

aluminum  alloy  spoiler  assembly  - physically  and  characteristically. 
The  graphite  epoxy  spoiler  can  replace  a metal  spoiler  on  the 
airplane  without  any  modification  to  the  aircraft. 

o The  hinges  for  the  graphite  spoiler  are  identical  to  the  hinges  on 
the  metal  spoiler  except  the  attaching  bolt  holes  will  be  a larger 
diameter. 

o The  cost  comparison  between  the  graphite  epoxy  spoiler  and  metal 
spoiler  will  use  the  S3A  production  lots,  rates  and  quantities. 

Thus,  the  metal  spoiler  will  be  "actuals"  for  the  quantity  produced 
through  1 July  197^  and  will  insure  identical  production  program. 

o The  cost  comparison  will  use  constant  dollars.  The  direct  labor 
rates  and  overheads  will  be  constant  during  the  production  period 
as  will  the  cost  of  material. 

o The  direct  labor  rates  and  overheads  are  calendar  1975  averages  as 
negotiated  with  Naval  Plant  Representative  Office,  Dallas,  Texas. 

o The  average  cost  curve  for  the  sheet  metal  spoiler  is  based  upon 
the  actual  cost  of  the  first  53  ship  sets  of  spoiler  produced  by 
1 July  197**«  The  costs  were  obtained  from  VSD's  standard  cost 
tracking  system.  The  cost  for  the  remaining  spoilers  to  the  200 
unit  is  predicated  from  the  progress  curve  determined  from  these 
first  53  sets. 

o The  cost  for  the  graphite  epoxy  spoiler  will  be  an  estimate  for 
200  production  articles.  The  estimate  was  made  after  the  five 
developmental  spoilers  had  been  produced. 
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COST  MONITORING  SYSTEM 


Standard  Cost  Monitoring 

The  cost  monitoring  system  at  VSD  is  designed  to  fulfill  the  reporting  re- 
quirement for  Cost  Schedule  Control  Systems  Criteria  (CSCS),  Under  this 
system,  the  tasks  are  divided  into  contractual  line  items  which  have  cost 
reporting  functions  and  a Work  Breakdown  Structure  (WBS)  per  MIL-STD-881. 

The  WBS  is  further  broken  down  to  5th  and  6th  levels  to  provide  VSD  with 
details  for  adequate  control.  The  cost  monitoring  system  which  accumulates 
the  desired  cost  is  an  Alpha-Numeric  code  which  identifies  the  contract  and 
WBS  level.  In  addition,  each  departmental  function  such  as  engineering, 
tooling,  materials,  manufacturing  and  quality  is  identified  for  each  WBS 
element.  The  functional  cost  can  be  identified  for  any  WBS  item  which 
has  been  coded. 

Sheet  Metal  Spoiler  Costs 

The  sheet  metal  spoiler  is  fabricated  under  a WBS  code.  The  code  is  for 
a ship  set  of  spoilers  and  contains  the  contract  number,  line  item  and 
departmental  functional  notation.  The  charges  by  departmental  elements 
have  been  accumulated  for  fifty-three  ship  sets  of  metal  spoilers  completed 
by  1 July  197^*4  The  cost  for  the  metal  spoiler  which  is  being  replaced  by 
the  composite  spoiler  has  been  estimated  by  the  responsible  departments 
(Manufacturing  Controls  - Factory,  Materials  for  direct  materials,  etc.) 
from  the  actual  data  accumulated  by  WBS  code. 

The  techniques  employed  by  each  department  are  varied,  but  historically 
have  produced  consistent  results;  therefore,  the  cost  for  the  metal  spoiler 
is  a "best  cost  estimate"  possible  from  actual  data  of  multiple  spoiler 
components.  The  estimates  were  then  dollarized  in  constant  1975  dollars 
and  used  to  develop  the  curve  in  Figure  6l. 

Sheet  Metal  Spoiler  Cost  Drivers 

The  cost  contributors  for  the  sheet  metal  spoilers  are  factory  labor,  raw 
materials,  quality  assurance,  sustaining  tooling,  and  sustaining  engineering. 
Figure  6 2 indicates  the  percentage  for  each  of  these  elements  as  a function 
of  quantity  of  articles.  As  noted,  the  primary  cost  driver  is  factory  labor 
with  raw  materials  a strong  second.  Analysis  of  data  shown  in  Figure  62 
indicates  that  an  increase  in  material  cost  requires  a large  decrease  in 
factory  labor  to  maintain  cost  competitiveness.  The  cost  for  the  composite 
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FIGURE  61  COST  COMPARISON  - METAL  VERSUS  GRAPHITE  / EPOXY  SPOILER 


H 


QUANTITY  OF  SPOILERS 

FIGURE  62  PERCENTAGE  OF  RECURRING  COST  FOR  FUNCTIONAL 
ELEMENTS  - SHEET  METAL  SPOILERS 


QUANTITY  OF  SPOILERS 


FIGURE  63  PERCENTAGE  OF  RECURRING  COST  FOR  FUNCTIONAL 
ELEMENTS  - COMPOSITE  SPOILER 
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spoiler  reflects  a decrease  in  factory  labor,  an  increase  in  raw  material 
cost,  and  shows  this  spoiler  to  be  cost  competitive  with  the  sheet  metal 
spoiler. 

Composite  Spoiler  Costs 

The  costs  for  the  composite  spoiler  were  estimated  after  the  five  develop- 
mental spoilers  were  fabricated.  The  first  five  spoilers  were  used  to 
develop  and  qualify  the  process  as  well  as  gain  some  production  experience. 

The  departmental  estimates  were  dollarized  in  constant  1975  dollars  and  tne 
recurring  cost  for  200  spoilers  is  shown  in  Figure  6l. 

The  cost  for  the  graphite  epoxy  material  for  the  basic  estimate  was  $67  per 
pound.  A separate  cost  estimate  was  made  using  an  estimate  of  $30  per 
pound  for  graphite  epoxy.  This  estimate  is  also  shown  for  reference  on 
Figure  6l, 

Composite  Spoiler  Cost  Drivers 

The  cost  contributors  for  the  composite  spoilers  are  factory  labor,  raw 
materials,  quality  assurance,  sustaining  tooling,  and  sustaining  engineering. 
Figure  63  illustrates  the  percentages  for  each  of  these  elements  as  a func- 
tion of  the  quantity  of  articles.  Factory  labor  is  the  primary  cost  driver 
in  the  beginning  but  is  replaced  by  raw  materials  as  the  quantity  increases. 
The  reason  for  the  reversal  of  the  roles  is  the  progress  curve  for  labor  is 
steeper  (faster  rate)  than  the  progress  curve  for  materials.  The  high  cost 
of  graphite  raw  material  requires  a savings  in  manhours  to  offset  the  mate- 
rial cost  delta.  Quality  requirements  for  graphite /epoxy  structures  is  more 
than  metal  structure  for  the  reasons  shown:  (l)  additional  receiving  in- 

spection to  insure  raw  material  compliance  to  specification,  (2)  revalida- 
tion testing  after  90  days  to  prolong  material  shelf  life,  and  (3)  the 
additional  quality  requirements  for  bonded  structure.  With  additional  exper- 
ience, the  cost  for  quality  assurance  will  decrease  in  percentage  and  approach 
the  requirements  of  the  metallic  structure. 

COST  COMPARISONS  GRAPHITE/EPOXY-METAL 
Production  Program  Cost  Comparison 

The  cumulative  average  cost  for  the  functional  elements  which  comprise  the 
total  recurring  costs  are  compared  at  quantities  of  8,  101,  and  200  units  in 
Table  XXIII.  Costs  of  the  sheet  metal  spoilers  are  projected  from  the  first 
53  ship  sets  costs  and  the  graphite  spoiler  costs  are  projected  from  the  five 
articles  fabricated  for  this  study. 
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TABLE  XXIII-  FORMAT  FOR  COST  REPORTING-METAL 
VERSUS  COMPOSITE  PART 


Part  Number  1231384-101 


Nomenclature  Spoiler 


Nonrecurring 


Metal 


Composite 


Design  Engineering 


$118,486 


$128,104 


Basic  Tooling 


90,898 


63,905 


Total  Nonrecurring  Costs 


$209,384 


$192,009 


x 

Quantity 

of  Spoilers 

8 

101 

200 

Sheet 

Metal 

Composite 

Sheet 

Metal 

Com- 

posite 

Sheet 

Metal 

Composite 

Sustaining  Engineering 

$ 1,092 

$ 819 

$ 405 

$ 167 

$ 282 

$ 123 

Sustaining  Tooling 

1,089 

572 

287 

190 

211 

135 

Materials 

639 

1,300 

491 

992 

456 

922 

Manufacturing 

3,209 

1,681 

1,463 

965 

1,262 

856 

Quality  Assurance 

497 

393 

189 

257 

153 

240 

Average  Recurring 

$ 6,526 

$ 4,765 

$2,364 

$2,276 

Average  Nonrecurring 

26,173 

24,001 

2,073 

1,901 

1,047 

960 

Total  Manufacturing  Cost 

$32,699 

$4,471 

$3,411 

$3,236 

Developmental  Cost  Comparison 

The  initial  five  composite  spoilers  were  used  to  develop  and  qualify  the 
production  process.  A cost  tracking  system  was  conducted  during  the  develop- 
ment phase  to  compare  the  cost  of  the  composite  spoiler  to  the  cost  of  the 
initial  five  metal  spoilers.  This  comparison  is  made  in  Table  XXIV  using 
the  labor  rates  for  the  development  spoiler  to  establish  a common  time  frame. 

Progress  Curves 

The  progress  curve  or  learning  curve  is  applicable  on  all  non-automated 
production  lines.  The  initial  component  has  the  highest  cost  since  the 
personnel  are  not  familiar  with  the  details  of  the  component,  the  production 
process,  or  the  tools.  After  the  first  operation  is  complete,  the  operators 
gain  confidence  and  begin  to  reduce  the  manhours  required  to  complete  the 
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required  processes.  In  addition,  the  production  lot  sizes  may  increase  which 
permits  amortizing  the  tool  setup  time  over  more  articles  and  further  reduce 
the  time  per  part.  In  any  event,  the  reduction  of  time  with  each  succeeding 
article  has  been  described  as  learning  curves,  or  progress  curves.  Factory 
labor  is  measured  by  progress  curves,  and  raw  materials  are  purchased  to  a 
curve  which  is  usually  the  result  of  purchases  of  large  quantities  of 
materials  and  reduced  packaging.  The  learning  curves  for  these  important 
cost  drivers  are  further  explained  in  succeeding  paragraphs. 

PROGRESS  CURVES 
Factory  Labor 

Factory  labor  is  a key  cost  contributor  as  noted  in  Figures  62  and  63.  The 
initial  components  require  more  manhours  than  subsequent  units.  The  degree 
of  improvement  is  a function  of  the  skills  of  the  craftsman,  familiarity 
with  the  manufacturing  process,  number  of  operations  - by  hand  and  by 
machine,  design  complexity,  producibility  changes  to  reduce  factory  labor, 
lot  sizes,  production  rate,  and  similar  factors. 

The  factory  labor  progress  curve  for  the  sheet  metal  spoiler  approximates 
an  84?  slope  and  is  predicated  upon  the  data  acquired  during  the  fabrication 
of  the  first  53  sets.  An  84?  learning  factor  reflects  less  improvement  than 
the  80?  which  would  normally  be  expected  for  a sheet  metal  assembly.  This 
is  primarily  due  to  the  complex  sheet  metal  assembly  which  has  many  detail 
parts  and  is  difficult  to  assemble.  The  complexity  of  the  assembly  does 
not  lend  itself  to  efficient  production  procedures. 

The  factory  labor  progress  curve  for  the  graphite  assembly  is  on  an  87? 
slope.  This  is  based  upon  the  data  from  the  fabrication  of  the  first  five 
graphite  spoilers.  This  slower  progress  rate  is  in  a large  part  due  to 
factors  inherent  in  the  bonding  process,  which  do  not  lend  themselves  to 
a decrease  in  cycle  time.  These  include  the  lay-up,  bagging  and  autoclave 
operations.  Lay-up  and  bagging  (applying  the  vacuum  barrier  materials  to 
the  mold)  are  hand  operations  and  the  curing  cycle  is  a fixed  time  element. 
Raw  Materials 

The  progress  curve  for  both  the  sheet  metal  and  composite  raw  materials  is 
92?.  ThiB  92 ? curve  is  historical  for  aluminum  structure  at  VSD,  and  the 
same  curve  was  selected  for  graphite  epoxy.  Material  costs  are  constant 
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for  the  first  five  graphite  spoilers  because  the  material  was  procured  in 
one  buy.  Cost  decrease  will  be  reflected  in  succeeding  lots  as  the  quantity 
of  material  procured  is  increased.  The  curve  for  graphite  may  become  a 
steeper  curve  as  additional  manufacturing  capacity  is  added  by  the  raw  ma- 
terial fabricators.  However,  since  the  estimate  was  made  using  constant 
1975  dollars,  the  92?  progress  curve  was  employed. 

Trade  Studies 

Several  trade  studies  were  conducted  to  determine  the  impact  on  cost  for  the 
composite  spoiler.  Since  factory  labor  and  raw  material  are  the  primary 
cost  contributors  for  200  units,  these  factors  were  analyzed  to  determine  the 
impact  on  manufacturing  cost  for  200  articles  should  the  other  cost  elements 
remain  constant. 

The  study  for  factory  labor  with  all  other  cost  elements  constant  is 
graphically  shown  by  Figure  64.  Basically,  an  increase  or  decrease  of  10?  in 
factory  labor  will  change  the  manufacturing  cost  for  the  composite  spoiler 
by  +3.8?. 

The  study  for  raw  material  with  all  other  cost  elements  constant  is 
graphically  shown  on  Figure  65.  An  increase  or  decrease  in  cost  of  raw 
materials  by  10?  will  result  in  a change  of  the  manufacturing  cost  for  the 
composite  spoiler  by  +_  4,1?. 

Composite  Raw  Material 

The  effect  of  a changing  total  material  cost  has  been  described  previously. 
However,  a study  was  conducted  to  determine  the  impact  of  changing  the  cost 
of  graphite  epoxy.  For  the  basic  study,  graphite  epoxy  raw  material  cost  was 
priced  to  VSD  at  $67  per  pound.  Since  demand  and  production  capacity  are 
expected  to  increase,  the  manufacturers  of  graphite/epoxy  materials  are 
projecting  significant  price  reductions.  A material  cost  of  $30  per  pound 
was  selected  for  the  graphite/ epoxy  cost;  the  cost  for  the  remaining 
materials  were  kept  constant.  As  a result,  the  raw  material  was  reduced  by 
approximately  35?.  This  reduction  in  raw  material  will  reduce  the  cost  for 
200  spoilers  by  l4?.  The  cost  curve  for  composite  spoiler  with  $30  per 
pound  graphite  epoxy  material  is  shown  on  Figure  61. 

Core  Material 

The  core  for  the  spoilers  is  Hexcel's  "HRP"  core.  This  core  was  selected  to 
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eliminate  the  corrosion  interface  with  the  graphite/epoxy ; however,  the  "HRP" 
core  is  more  costly  than  aluminum  alloy  core.  A study  was  made  to  determine 
the  initial  cost  savings  possible  for  200  spoilers  if  the  aluminum  core  had 
been  specified.  The  material  cost  would  be  112  less  when  aluminum  alloy 
core  is  specified.  The  ll£  reduction  in  material  costs  for  200  articles 
will  reduce  the  manufacturing  cost  approximately  4.5*. 
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APPENDIX  A 


ENGINEERING  DRAWINGS 


Ihis  appendix  contains  the  following  S-3A  composite  spoiler  drawings  and 
the  tool  drawings  from  which  the  parts  were  fabricated. 

o 78-002553  - Flap  S-3A  Spoiler  Lower  Outer  Panel  Advanced 
Composites 

o 78-002551*  - Core  Assembly  S-3A  Outer  Panel  Lower  Spoiler 
Advanced  Composites 

o S/N  U05011  - 082  - 78-002553  Bonding  Mold 
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APPE.'DIX  13 


This  Appendix  contains  the  documentation  relating  to  the  component  testing 
under  this  contract  and  presents  the  following  information. 

A)  Static  Test  Plan  - Report  lio.  2-53*+*+0/3R-10108 
Rev  A,  2/27/7*+ 

B)  Summary  Report  #1  Static  Test  dtd  30  May  197*+ 

C)  Selected  Strain  gage  information  - Static  Test  HI 
Run  HZ,  H9,  H6,  and  #7  (7  pages) 

D)  Summary  Report  #2  Static  Test 

E)  Selected  Strain  gage  information  - Static  Test  §2 
Run  #3,  r/6,  #7B»  and  H9  (9  pages) 

F)  Summary  Report  H 3 Static  Test 

G)  Selected  strain  gage  information  - Static  Test  #3 
Run  #3,  #6,  #7,  and  H9C  (9  pages) 

H)  Fatigue  Test  Flan  - Report  Uo.  2-53*+*+0/3R-10109 
Rev  A,  6/17/7*+ 

I)  Summary  Report  - Fatigue  Test 
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STATIC  TEST  PLAN  S3A  ADVANCED  COMPOSITES  SPOILER 


PURPOSE: 

The  purpose  of  this  test  is  to  verify  the  design  capability  of  the  lower  left  hand 
graphite/epoxy  spoiler  for  the  S-3A  aircraft.  Three  spoilers  will  be  tested  to 
failure  by  the  method  described  in  the  following  paragraphs. 

DESCRIPTION  OF  TEST: 

Two  (2)  load  conditions  will  be  investigated;  the  opening  load  (tension  on  lower 
surface)  and  the  closing  (failing)  load  (compression  on  lower  surface).  The 
opening  load  will  be  1152  of  design  limit  and  failing  (closing)  load  will  be  1502 
of  design  limit  based  on  data  provided  in  Figure  B-l.  Test  data  will  be  acquired 
from  five  (5)  rosette  strain  gages  and  eighteen  (18)  deflection  devices  as  shown 
in  Figure  3-2. 

REQUIREMENT; 

This  test  plan  is  required  per  contract  II62269-73-C-0610. 

TEST  SPECIMEN: 


The  test  specimen  will  consist  of  a graphite  S3A  lower  spoiler  assembly  as  defined 
by  DWG78-002553  Flap  S3A  Spoiler,  LWR.  O.P.  Advanced  Composite.  The  specimen 
will  be  supported  at  the  actuator  hinge  fitting  thru  the  mounting  holes  provided 
as  shown  in  Figure  B-3. 

TEST  CONDITIONS: 

Maximum  spoiler  hinge  moments  occur  sis  a function  of  surface  rotation  and  air- 
speed as  given  in  Figure  B-l.  Table  B-I  gives  the  hinge  moments  and  positions 
for  the  spoiler  static  test  opening  and  closing  condition.  Spoiler  spanwise  unit 
running  hinge  moment  curves  are  presented  in  Figure  B-U. 

TEST  SETUP: 

The  specimens  will  be  installed  in  the  Test  Jig  as  shown  in  Figure  B-2  and  B-3. 

Air  loads  on  the  spoiler  will  be  simulated  by  applying  test  loads  through 
tension  pads.  Figure  B-3  shows  location  of  pads  and  applied  load  at  each 
location,  at  maximum  test  loads. 

TEST  PROCEDURES: 

Loads  will  be  applied  in  increments  of  no  greater  than  20  percent  design  limit  load 
to  100  percent  limit  load,  and  in  increments  of  no  greater  than  10  percent  design 
limit  load  from  100  to  150  percent  design  limit  load.  The  structure  will  be  loaded 
to  1152  of  design  limit  opening  load  (tension)  and  to  failure  for  the  closing  load 
(compression) . 

Strains  will  be  reduced  and  plotted  during  static  tests  as  a cneck  on  predicted 
stress  values.  Deflection  data  will  be  checked  during  all  tests.  If  a change 
in  deflection  rate  or  strain  rate  occurs,  the  above  loading  increments  may  be 
altered  to  obtain  sufficiently  small  subsequent  increments  to  determine  if  this 
change  is  linear  or  curvilinear. 
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i^AG’JF.E ti;t  or  stp.i'ctupal  i:kfl!.ctio:.-s  : 

Structural  deflections  at  spoiler  and  Jir  support  points  will  be  measured 
primarily  b;.  displacement  devices  supported  by  independent  structures.  The 
accuracy  will  be  j^.02  inches  deflection  or  better. 

?*fc.Ti  ;Orr.  0?  LOAD  .^FLICATIO:.' : 

All  loads  will  be  applied  to  simulate  as  nearly  as  practicable  the  Rctual 
loads  on  the  test  article.  The  loads  will  be  introduced  into  the  structure 
in  such,  a manner  that  secondary  stresses  will  not  be  induced  at  load  applica- 
tion points  due  to  structural  deflections  during  tests. 

Loads  will  be  transmitted  by  rubber  backed  tension  pads  bonded  to 

the  surfaces.  The  applied  static  test  loads  will  be  supplied  to  pads  by 

means  of  hydraulic  Jacks. 


J 


Ill 


in 

H 

Z 

u 

2 

o 

2 

u 

c 

z 


« 

u 

o 

a. 

in 


i 

cc 

w 


112 


TABLE  B-I  TEST  LOADS  AND  HINGE  MOMENTS 


PAD  LOAD 
CONDITION 

SPOILER 

POSITION 

AIR  SPEED 

TEST 

LOAD  (LB) 

TEST 

H.M.  (IN-LB*) 

$ (LIMIT) 

COMPRESSION 

18° 

450  KN 

4,058 

27,900 

150 

TENSION 

5° 

450  KN 

1,003 

6,900 

115 

♦Limit  Hinge  moment  obtained  from  figure  B-l  and  increased  24 % due  to  system  friction 
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SUMMARY  REPORT  ON  STATIC  TEST  RESULTS 
TOR  THE  S-3A  GRAPHITE  SPOILER  HUMBER  1 

Rcf:  (a)  LTV  Report  2-53443/3R-3139 , ,!S-3A  Graphitc/Epoxy 

Spoiler  Development  Program,"  dtd  Jan  1974 

(b)  LTV  Report  2-53440/3R- 10100 , "Static  Test  Plan 
S-3A  Composite  Spoiler,"  Revised  27  Feb  1974 

Figure:  B-5  Photograph  No.  CAD-10382-4-74--Spoiler  loaded  at 

150  percent  DLL 

B-6  Photograph  No.  CAD-lG3C4-4-74--Spoilcr  loaded  at 
177  percent  DLL 

B-7  Photograph  No.  CAD-18380-4-74--Spoilcr  loaded  at 
260  percent  DLL 

3-8  Photograph  No.  CAD-13336-B-4-74--  Failuic  of  spoiler 
at  300  percent  DLL 

1.  The  spoiler  consists  of  a graphitc/cpoxy  (G/E)  outer  skin , a glass- 
rcinforced-plns tic  honeycomb  core,  a pan-shaped  C./E  inner  skin,  and  two 
production  metal  hinge  fittings  attached  to  the  inner  surface  through 
inserts  in  the  core.  The  overall  dimensions  arc  30.7  inches  by  15.2 
inches  inboard  tapering  to  3.6  inches  outboard.  A detailed  description 
of  the  construction  is  given  in  reference  (a). 

2.  The  spoiler  was  tested  statically  in  two  conditions--the  opening 
condition  anc]  the  closing  condition.  Although  the  closing  condition  is 
the  critical  condition,  the  opening  condition  was  run  to  substantiate 
the  spoiler  performance  for  tension  loads  in  the  areas  of  the  hinges. 
The  test  loads  arc  shown  in  reference  (b).  The  loading  sequence  was  as 
fol lows : 


a.  Apply  40  percent  design  limit  load  (DLL)  in  opening  and  closing 
conditions  to  check  set-up. 

b.  Apply  100  percent  DLL  opening  load  and  check  test-theory 
correlation. 

c.  Apply  115  percent  DLL  opening  load  and  check  test- theory 
correlation. 

d.  Apply  100  percent  DLL  closing  load  and  check  test-theory 
correlation. 
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e.  Apply  150  percent  DLL  closing  load  and  dice!:  test-theory 
correlation. 

f.  Apply  177  percent  DLL  closing  load  and  check  test-theory 
correlation. 

g.  Apply  closing  load  to  failure. 

Loads  were  applied  in  20  percent  increments  up  to  100  percent  DLL 
and  thereafter,  in  10  percent  increments.  The  run  to  177  percent  DLL 
was  to  obtain  data  for  possible  new  load  criteria  resulting  from  button- 
down  of  the  upper  outboard  spoiler. 

3,  The  spoiler  was  installed  in  the  test  fixture  at  the  hinges.  The 
distributed  airloads  were  introduced  into  the  structure  using  tension 
pads  bonded  to  the  surface.  The  loads  for  the  opening  condition  were 
applied  to  the  outer  surface  (up  in  the  subsequent  photographs);  loads 
for  the  closing  condition  were  applied  to  the  inner  surface  (down  in 
the  subsequent  photographs).  , 

A.  The  spoiler  was  loaded  through  the  test  sequence  of  paragraph  2 
uneventfully.  The  critical  strains  and  deflections  were  checked  after 
each  run  and  showed  acceptable  correlation  with  the  predicted  values. 

The  deflection  at  the  outboard  tip  was  less  than  that  of  the  metal  spoiler 
at  the  same  load.  Figures  B-5»  B-6,  and  B-7  show  the  spoiler  deflection  for  the 
closing  condition  at  several  load  levels.  Loading  was  continued  in  10 
percent  increments  until  failure.  Failure  occurred  .suddenly  at  300  percent 
DLL  with  no  prior  audible  sound  emanations . Failure  occurred  at  the  edge 
of  a doubler  outboard  of  the  outboard  hinge  fitting.  The  failure  is 
shown  in  figure  B-8 
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STATIC  TEST  #1 

RUN  NO.  3 115%  DLL  OPENING  LOAD  4/8/74 
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STATIC  TEST  #1 

RUN  NO.  5 150%  DLL  CLOSING  LOAD  4/9/74 
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STATIC  TEST  #1 
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SUMMARY  REPORT  ON  STATIC  TEST  RESULTS 
FOR  THE  S -3A  GRAPHITE  SPOILER  NUMBER  2 

Ret:  (a)  LTV  Report  2-53440/3R-10I08 , "Static  Test  Plan  S-3A  Composite 

spoiler",  Revised  27  Feb  1974 

(b)  NAVAIRDEVCEN  ltr  report  "Summary  Report  on  Static  Test  Results 
ior  t'nc  S-3A  Graphite  Spoiler  Number  1"  dtd  30  May  1974 

Figure  b-iU  Photograph  No.  CAD- 19396-7-71*-- Failure  of  Spoiler  at  360 
percent  DLL. 


1.  The  spoiler  was  tested  statically  in  two  conditions  --  the  opening 
condition  and  the  closing  condition  as  described  in  reference  (a).  The 
loading  sequence  was  the  same  as  that  for  spoiler  1,  described  in 
reference  (b)  except  that  the  spoiler  was  loaded  to  a maximum  load  of 
130  percent  limit  load  rather  than  the  designated  115  percent  limit  load 
for  the  opening  load  condition. 

2.  The  spoiler  was  installed  in  the  test  fixture  at  the  hinges  as 
described  in  reference  (b) . The  spoiler  was  loaded  successfully  to  150 
percent  DLL  in  the  opening  condition  without  incident.  While  loading  to 
177  percent  DLL  in  the  closing  condition,  several  tension  pads  unbonded 
from  the  spoiler.  To  prevent  similar  occurrences,  "C"  clamps  were  in- 
stalled on  the  spoiler  to  transfer  the  applied  loads  from  the  inner  sur- 
face to  the  outer  surface.  Loading  was  continued  to  failure.  Failure 
occurred  suddenly  at  360  percent  DLL  with  no  noticeable  sound  emissions 
prior  to  failure.  Failure  occurred  just  outboard  of  the  outboard  hinge 
fitting  as  shown  in  Figure  B-10. 
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FAILURE  AT  360  PERCENT  DLL 


FIGU 


STATIC  TEST  #2 
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STATIC  TEST  #2 

RUN  NO.  3 150%  DLL  OPENING  LOAD 
(CONT.) 
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STATIC  TEST  #2 

RUN  NO.  6 I50%DLL  CLOSING  LOAD 
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0 

a c a 

-14143 

W 

080 

-16007 

4 

0 0 0 

-14362 

0 

3 19 

- a a a 8 4 

tf 

019 

-20085 

W 

319 

- 0 0 0 8 4 

0 

did 

-03020 

D 

018 

-00030 

0 

0 18 

- 0 0 0 2 9 

O 

01 7 

♦ 0 0 a 3 7 

id 

3 17 

♦ a 0 a a 6 

0 

017 

♦ 0 0 3 0 7 

0 

a 1 6 

- 0 a u 1 3 

kJ 

316 

- a 0 a 1 8 

0 

016 

- 0 0 0 1 4 

0 

a 1 5 

5 a a a a a 

r 

015 

500000 

0 

315 

500000 

0 

014 

♦ a a a 11 6 

014 

♦00193 

to 

3 14 

♦00300 

0 

013 

- v a 0 a 3 

k 

ai3 

-00143 

4 

3 13 

-00294 

0 

£12 

- a a a a 3 

VJ 

012 

- 0 0 4 6 9 

0 

312 

-00963 

O 

dll 

- a a a a 1 

k) 

all 

+00038 

0 

311 

+000/0 

O 

a 1 a 

♦00202 

*1 

a 1 a 

-00116 

■/I 

310 

- 0 3 2 4 5 

0 

009 

- a a a a 6 

4 

0 09 

- a 0 3 6 7 

0 

00  9 

-00/41 

0 

a 0 6 

♦ a a a 0 4 

0 

008 

-aaa/2 

0 

3 0 6 

- 0 0 1 8 4 

0 

a a 7 

- 0 3 o .1  6 

U 

a a 7 

+00039 

4 

3 0 7 

+00068 

0 

•1  a 0 

- u a a 1 a 

0 

306 

♦ 0 0 2 7 7 

0 

30  6 

♦ 0 0 8 7 y 

0 

a u 5 

* .1  J 0 0 0 

4 

aa5 

-00031 

0 

3 0 8 

+ 0008? 

0 

3 0 4 

-y.jaa3 

/) 

00  4 

♦ a 00  1 4 

0 

30  4 

♦00034 

3 

■) »;  3 

- 0 a a a 6 

Y) 

333 

-00131 

0 

303 

- 0 0 2 8 6 

0 

a a 2 

♦ a.'  t a s/ 

*1 

J a 2 

. ♦ 0 0 u 6 7 

0 

302 

♦30126 

0 

0 v 1 

-00203 

t 

0 0 1 

+00010 

0 

301 

+O0024 

0 

1 

<;  0 

♦ a a 0 a 6 

/ 

0 00 

-00161 

0 

4 00 

-00338 

a 

a a-' 
j 0 a 

1 10  0 0 01 
• a a 0 a a a 

O 

30- 
40  0 

100436 

000040 

0 

30- 

300 

100010 

000383 

0 

131* 


STATIC  TEST  #2 

RUN  NO.  6 150%  DLL  CLOSING  LOAD 
(CONT.) 


3 9*9 

-02628 

0 

0 9 9 

-02/95 

0 

) 9 fa 

- 0 o 1 1 3 

0 

098 

-00116 

0 

<3  9 7 

-00808 

0 

497- 

-00304 

0 

096 

- 0 0 5 9 4 

0 

0 9 6 

-00/14 

0 

095 

-008/6 

0 

095 

-00444 

0 

0 9 4 

-00020 

0 

094 

- 0 0 0 4 6 

0 

093 

-U0403 

0 

093 

-00486 

0 

092 

-00616 

0 

092 

- 0 0 6 0 6 

0 

y 9 1 

-00305 

0 

0 91 

-00364 

0 

090 

-00315 

0 

0 90 

- 0 0 3 6 1 

0 

y 69 

- 0 0 6 6 0 

0 

0 69 

-00/80 

0 

yoa 

-00544 

,1 

0 6 8 

-00599 

0 

oa  7 

- o 0 o 9 5 

0 

08  7 

-00087 

0 

066 

- 0 0 4 6 6 

o 

066 

-00533 

0 

0 o5 

-00469 

0 

085 

-00545 

0 

084 

- 0 0 o a 4 

0 

0 8 4 

-00062 

0 

o a 3 

-00033 

0 

0 6 3 

-00041 

0 

082 

5 o o o 0 o 

0 

082 

500000 

0 

obi 

-1897  4 

0 

081 

- 2 3 3 6 5 

0 

0 8 0 

-16129 

0 

060 

-22/72 

0 

0 19 

— 0 0 0 5 5 

0 

019 

-00055 

0 

018 

- o o o 2 9 

0 

016 

-00029 

0 

017 

♦ o 0 o 0 7 

0 

017 

+ 00005. 

0 

016 

-00014 

0 

016 

- 0 0 0 1 4 

0 

0 16 

500000 

0 

015 

500000 

0 

014 

♦005/2 

0 

014 

♦ 0 0 0 9 7 

0 

013 

-00463 

0 

013 

-0  0 5 8 7 

0 

0 12 

-01491 

0 

012 

-01857 

0 

Oil 

♦00104 

0 

Oil 

+00126 

0 

0 iu 

-003/9 

0 

0 10 

-004/0 

0 

el  0 9 

-01144 

0 

009 

-01421 

0 

ooa 

-00253 

0 

008 

-00325 

0 

007 

♦ 0 0 1 3 2 

0 

0 0 7 

♦00 1 60 

0 

006 

♦ 0 0 9 0 8 

0 

006 

♦01135 

0 

a o 5 

♦ 000  /I 

0 

0 05 

+00080 

0 

0 0 4 

+ o 0 o 6 0 

IS 

0 0 4- 

+00080 

0 

3 0 3 

-0036  7 

Is 

003 

- 0 0 4 7 2 

0 

3 0 2 

♦00185 

2 

002 

♦00227 

0 

001 

♦ 0 0 o 3 6 

0 

001 

♦ 0 0 0 4 2 

z 

OO0 

-00324 

0 

0 0 0 

-00654 

0 

Wa 

a 

00- 

100903 

- 

000 

000150 

0 

■*  J'V*— 
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STATIC  TEST  #2 

RUN  NO.  7B  I77%DLL  CLOSING  LOAD 


0% 

40% 

80% 

0y  9 

-dd  / 6 7 

k 

0 99 

♦ 05,986 

1 

099 

♦01542 

1 

.3  9 8* 

-~3  d 1 0 3 

k 

09  6 

- 0 0 1 0 3 

1 

096 

- 0 0 1 0 0> 

4 

0 v 7— 

-00253 

k 

097 

-00256, 

\ 

097 

- 0 0 2 5 7 

i 

0 9 6 

- d d a a / 

fc 

d 96 

.-00203' 

\ 

096 

’-00384 

id  9 ? 

• d d 1 0 a 

k 

095 

-001/7 

1 

095 

- 0 0 2 6 6 

i 

3 9 4 

♦ 000 92 

k 

094 

♦00067 

l 

094 

♦0003d 

£ 

3 V 3 

- d d 2 4 6 

K 

093 

-00d2d 

k 

09  3 

- 0 0 4 1 0 

0 

d 9 2 

- 0 3 2 3 5 

l 

092 

-0032  d 

k 

092 

-0O434 

0 

d 9 1 

- d d d.  a a 

it 

091 

-00407 

091 

- 0 0 4 7 4 

0 

dya 

• d d d 3 9 

i 

0 9d 

-00086 

lr 

090 

-0014/ 

0 

dt>9 

- d d 1 9 d 

t 

d a 9 

-00324 

t 

0 0 9 

-00492 

0 

das 

♦ d d d 9 d 

k 

aa6 

♦ 0 d <o  4 1 

V 

086 

- 0 d 0 2 7 

0 

da/ 

- o O O 8 o 

k 

087 

- 0 0 a a i 

0 

J 6 7 

-000/4 

0 

dao 

- 0 d d a d 

ti 

0 a 6 

-00410 

* 

086 

-00495 

0 

0 a 5 

- d d 2 b'4 

If 

085 

-00351 

0 

085 

-00447 

0 

«3  a 4 

- V)  d 1 a d 

v; 

064 

-00145 

0 

064 

-00134 

0 

063 

* d d d a d 

k) 

0 6 d 

-00065 

0 

063 

-00105 

0 

d a 2 

500000 

062 

500000 

0 

0 6 2 

500000 

0 

do  1 

- d l d a 4 

061 

-06251 

0 

481 

- 0 a 4 3 9 

0 

■j  aa 

- 0 6 6 9 3 

id 

dad 

- 0 6 2 0 4 

0 

380 

-06161 

0 

d 19 

• a d d 4 0 

0 

019 

-00046 

0 

319 

- 0 0 0 4 7 

0 

Id  16 

- d d d 2 d 

t) 

016 

- o 0 0 2 0 

0 

318 

-00021 

0 

d 1 7 

♦ a d a a 4 

J 

017 

♦00003 

0 

317 

♦00003 

0 

Id  1 6 

- a d ud  8 

016 

- o d a 0 a 

0 

316 

-00008 

0 

d 1 5 

5 a d a d a 

d 1 5 

500000 

0 

015 

500000 

0 

d 1 4 

- a a a d a 

i* 

014 

♦ 001/ J 

0 

014 

♦00373 

0 

did 

♦ 0 0 0 0 d 

d 

013 

-00124 

0 

013 

-00279 

0 

d 1 2 

♦ d d d k3  d 

J 

012 

-00423 

0 

012 

-00942 

0 

dll 

•*•00003 

0 

011 

♦00036 

0 

011 

♦00075 

0 

Old 

♦ J 0 d 0 2 

•J 

did 

- 0 0 a 9 8 

0 

0 10 

-00222 

0 

d d 9 

•*•00000 

u 

a u 9 

- o 0 3 3 2 

0 

30  9 

-00  /2d 

0 

008 

♦00001 

t> 

008 

- o d a 6 a 

0 

308 

-00152 

0 

d d 7 

♦ 00002 

vi 

0 0 7 

♦ o 0 o 4 6 

0 

30  7 

♦00102 

0 

d d 6 

♦ 0 0 0 01 

k! 

006 

♦00262 

0 

306 

♦ 0 d 3 8 7 

0 

d d a 

♦00003 

0 0 5 

♦00023 

0 

3d5 

•♦00043 

0 

d 0 4 

-00001 

Id 

004 

♦ a a a 2 0 

0 

304 

♦ 0 0 0 4 5 

0 

d d 3 

- o d 0 0 2 

J 

003 

.-00116 

0 

30  3 

- 0 0 2 4 9 

0 

d d 2 

♦00003 

fc> 

002 

♦ 0 0 0 4 4 

0 

302 

♦00099 

0 

ddl 

-00000 

u 

001 

♦00008 

0 

301 

♦00020 

0 

d d d 

-00001 

id 

odd 

-00151 

0 

300 

- 0 0 3 3 7 

0 

dd- 

ldaa45 

- 

0 0- 

140602 

30- 

140/23 

a 

6 « d 

000135 

000 

0ooa4a 

300 

ooa^dd 

k) 
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£■  J'V*- 


STATIC  TEST  #2 

RUN  NO.  7B  1 77% DLL  CLOSING  LOAD 
(CONT.) 


120% 

0 9 9 

-00310 

0 

096 

-00093 

k. 

097 

-00247 

It 

0 9 6 

- 0 0 5 6 0 

i 

0 9 5 

-00353 

0 

0 9 4 

+00010 

id 

093 

-00502 

0 

092 

-00549 

c 

09  1 

- 0 0 5 3 3 

t 

0 9 0 

- 0 0 2 0 o 

t 

069 

- 0 0 6 4 7 

0 

066 

-00090 

0 

08  7 

-0006 / 

0 

0 o 6 

-00561 

<s 

0 6 5 

- 0 0 5 4 0 

0 

084 

- 0 0 1 2 1 

0 

083 

-00117 

0 

362 

600000 

0 

0 61 

-05662 

0 

0 6 0 

-04635 

0 

019 

-00046 

0 

016 

-O0O21 

0 

017 

+00004 

0 

316 

-00009 

0 

015 

500000 

0 

014 

+00554 

0 

013 

-00432 

0 

012 

-01436 

0 

011 

♦00109 

0 

0 10 

-00340 

0 

0 0 9 

-01108 

B 

0 0 6 

-00244 

0 

0 0 7 

♦00154 

£ 

0 0 6 

+00899 

0 

0 o5 

♦ 0 0 0 6 0 

0 

0 0 4 

+00069 

0 

0 J 3 

- 0 o 3 0 9 

0 

002 

♦ 0 0 1 5 0 

10 

.101 

+00033 

Id 

0 0 0 

-00515 

k; 

0 0* 

14  0932 

- 

a o 0 

000150 

0 

150% 

0 9 9 - u 1 o / 1 o 
o y 8 « 0 0 o y 8 0 

l'9  7 -00247  0 

096  - k)  k)  o V 7 id 

095  -00*13  0 

V 4 - kJ  kJ  W ^ 1 Id 

093  -005/7  Id 
W y 2 - 0 0 & 3 7 0 
0 91  -00585  id 

0 9 o -00236  0 

k]  a 9 *0k5//l  0 
0 6 6 -00153  «3 
0 8 7 - «d  k9  «3  6 4 kJ 

kd  a 6 -00  653  Id 
0 8 5 - kJ  Id  fe  2 1 Id 
064  -00119  id 

0b3  -00124  id 

0 6 2 5 O 0 o 0 O u 

ddl  -1  23/7  0 
O80  -1158  7 id 
kj  1 9 - Id  Id  id  4 6 0 
mb  - d id  id  2 k)  o 
V3 1 7 +00003  0 
kjl6  -0001 3b  0 
k)15  5O0000  0 

014  +00090  0 

013  -00553  0 
012  -01615  0 
011  +00133  0 
010  -00426  0 

009  -01397  0 
008  -00315  0 
007  +00193  W 
006  +01141  0 

005  +0OO/2  3 
004  +000y 0 0 

003  -00459  0 
002  +00189  0 

001  +00041  3 

000  - o'ld  6 4 8 0 
00-  141313  " 
000  000150  0 


177% 


0 99 

-00340 

0 

098 

-00091 

0 

ay  7 

-00241 

0 

096 

- 0 0 0 1 3 

0 

095 

-004/2 

0 

094 

- 0 0 0 4 4 

0 

093 

-00642 

0 

092 

-00  /0y 

0 

091 

- 0 0 6 2 5 

0 

0 9 0 

-002/6 

0 

069 

- ana  / y 

0 

068 

-0019  / 

0 

0 o 7 

- o 0 o 5 7 

0 

0 0 6 

» 0 o / 1 0 

0 

085 

- 0 0 o 6 6 

0 

08  4 

-00106 

0 

083 

-00134 

0 

082 

500000 

0 

J 3 1 

-1  4 433 

0 

0 60 

-12665 

0 

019 

-00045 

0 

018 

- o o o 2 l 

0 

a 17 

♦ 0 0 KJ  0 o 

0 

016 

- 0 0 0 0 3 

0 

d 1 5 

500000 

0 

014 

♦ 0 0 6 0 0 

0 

013 

-00664 

0 

012 

-02156 

0 

dll 

+00152 

0 

010 

- 0 0 5 1 0 

U 

009 

- 0 1 b 5 7 

0 

J 0 8 

-00363 

0 

00  7 

+00226 

0 

0 0 6 

+01355 

0 

0 0 5 

♦ 0 0 0 6 3 

0 

0 0 4 

♦0010/ 

0 

003 

-00536 

0 

002 

+00221 

0 

001 

+00046 

0 

000 

-00/66 

0 

00  - 

141131 

- 

0 0 0 

o o o i / 7 

0 

137 


STATIC  TEST  #2 

RUN  NO.  9 CLOSING  CONDITION  TO  FAILURE 


0% 

40% 

80% 

120% 

0 9 9 

♦33246 

3 

d 9 9 

♦32/17 

0 

399 

-00012 

0 

099 

-012/0 

0 

0 V 3 

-•3  3 3 0 4^ 

3 

398 

-30360 

3 

398 

- 0 0 U 8 1 

3 

098 

-303/9 

0 

39  7 

-33249 

3 

397 

- 0 0 2 4 6 

0 

097 

-33249 

0 

097 

-00242 

0 

k5  9 6 

-333  / 5 

3 

396  i 

-03216 

3 

396 

-00091 

0 

096 

- 3 3 9 / 2 

0 

0 9 5 

-3 3 VI 6 

3 

3 95  ' 

-33186 

0 

395 

-00264 

0 

0 9 5 

- 3 0 0 4 6 

3 

.1  V 4 

+ 3 3 3 6 7 

0 

39  4 

♦ 3 3 3 4 3 

3 

394 

♦ 0 3 3 2 3 

0 

094 

- 0 0 0 1 6 

0 

0 93 

- 3 3 2 5 5 

3 

39  3 

-33026 

3 

390 

-30423 

0 

093 

- 3 0 9 1 9 

0 

k3  9 2 

-33251 

3 

392 

-03041 

3 

092 

-30448 

0 

39  2 

- 3 3 9 6 3 

0 

091 

- 3 33  8 6 

3 

391 

-33411 

0 

391 

-034  / 6 

0 

39  1 

-30506 

3 

0 V O 

-03049 

3 

3 9 3 

-30103 

3 

3 93 

-33151 

0 

3 90 

- 3 0 2 3 4 

0 

0 3 9 

-331/8 

3 

389 

-33011 

3 

389 

-33 4/1 

3 

389 

-3062  / 

0 

oab 

- 0 3 2 5 3 

0 

3 8 8 

- 3 0 0 2 3 

3 

0 68 

-33081 

0 

36  8 

- 03  4 4 8 

3 

oa7 

- 3 3 3 o 8 

8 

3 8 7 

- 3 3 3 5 4 

3 

087 

- O 0 0 5 9 

3 

387 

- 0 3 0 3 1 

0 

kJ  b 6 

-33336 

0 

3 8 0 

-30409 

3 

0 6 6 

- 3 0 4 8 4 

3 

0 b 6 

-305/1 

3 

3 6 9 

-332/6 

0 

385 

-03001 

3 

0 6 5 

- 3 0 4 0 4 

3 8 5 

-33500 

0 

06  4 

- 3 3 1 2 9 

0 

364 

-33129 

3 

064 

-331  19 

0 

384 

-03107 

3 

3 60 

- 3 3 3 5 3 

3 

3 6 3 

-333/2 

3 

080 

-33062 

3 

360 

-•<0095 

3 

332 

533303 

3 

382 

+12010 

3 

082 

♦39097 

0 

362 

+ 1303-1 

0 

3 31 

♦38/53 

3 

361 

-32/16 

3 

081 

-31414 

0 

081 

-11008 

3 

333 

+33112 

0 

363 

-34120 

3 

360 

-34039 

3 

3 6 0 

-3/697 

0 

319 

- 0 3 3 2 6 

0 

319 

- 3 3 3 2 / 

3 

0 19 

- 3 3 0 2 7 

3 

019 

-00026 

3 

318 

- 3 3 3 1 6 

8 

316 

- 3 3 3 1 4 

0 

018 

- 0 3 0 1 4 

3 

0 16 

- 0 0 0 1 4 

3 

317 

+33301 

0 

317 

+ 3 0 3 J 1 

0 

017 

+03002 

3 

0 17 

♦ 0 0 0 0 2 

3 

316 

♦ 3 3 3 19 

3 

316 

♦ 3 3 3 2 3 

3 

016 

♦ 0 3 3 2 1 

3 

016 

+03021 

3 

3 15 

530303 

3 

315 

530303 

3 

015 

5 0 3 3 3 3 

3 

315 

5 0 3 0 3 3 

0 

314 

+ 0 3 3 3 9 

0 

3 14 

+ 3 3 2 1 1 

3 

014 

+33401 

3 

314 

♦00564 

0 

3 13 

♦ 3 3 3 3 3 

0 

310 

- 3 3 3 9 1 

3 

010 

-03209 

3 

013 

- 3 0 0 y 4 

3 

3 12 

♦333^/ 

3 

312 

-330  / / 

3 

312 

-336/4 

3 

012 

-310/3 

3 

311 

- 3 3 3 3 l 

3 

311 

+ 3 3 3 4 1 

3 

011 

♦030// 

3 

311 

+00109 

3 

313 

♦33342 

3 

3 13 

- 3 3 3 4 6 

3 

3 13 

-00166 

0 

310 

-03281 

0 

3 3V 

♦ 3 3 3 3 2 

3 

30  9 

-33292 

3 

039 

-006  / 2 

3 

339 

-01053 

3 

338 

♦ 3 3 3 1 3 

3 

308 

- 3 3 3 5 1 

3 

306 

-0010  / 

0 

338 

-30226 

3 

337 

♦ 3 3 3 4 2 

3 

33  / 

+ 3 3 3 8 9 

3 

307 

♦ 0 0 1 4 4 

3 

3 3/ 

♦ 3 0 1 9 6 

3 

338 

♦ 3 3 3 6 1 

3 

3 3 6 

♦ 3 3 0 2 9 

0 

0 0 6 

♦ U 3 6 4 4 

3 

036 

+ 3 3 V 6 2 

0 

3 v 5 

♦ 3 3 3 1 1 

3 

3 0 5 

♦ 3 3 3 8 5 

3 

0 3 5 

+00055 

3 

3 3 5 

+330/1 

3 

3 3 4 

♦ 3 3 3 3 3 

3 

004 

♦ 3 3 3 5 6 

3 

3 3 4 

♦ 0 3 0 6 3 

0 

33  4 

+0010/ 

3 

333 

♦ 3 3 3 5 8 

0 

330 

- 3 3 3 8 9 

0 

3 3 3 

-03160 

0 

303 

- 0 0 0 0 4 

0 

332 

♦ •33318 

8 

332 

♦ 3 3 3 6 2 

3 

002 

♦33112 

0 

302 

+00164 

. * 

V 

33  1 

♦33335 

8 

30  1 

♦ 3 3 3 4 0 

3 

001 

+33055 

0 

331 

♦ 3 3 0 6 6 

0 

333 

♦ 3 3 3 5 3 

3 

303 

-33399 

3 

0 0 0 

-002/7 

0 

0 3 3 

-00453 

0 

33- 

103117 

- 

00» 

20  9 054 

1 

0 0- 

132430 

- 

30- 

102444 

- 

333 

330303 

f 

030 

0 0 0 0 8 3 

• 

033 

003120 

0 

■— 


STATIC  TEST  #2 

RUN  NO.  9 CLOSING  CONDITION  TO  FAILURE 

(CONT.) 


160% 

200% 

240% 

kjvy 

♦00600 

0 

099 

- 0 4 2 2 5 

0 

0 9 9 

- 03  4 1 7 

0 

u ve 

-000/4 

0 

090 

-000  /0. 

0 

0 9 6 

- a a 5 o 

0 

097 

- 0 0 2 3'6 

0 

0 9 7 

-00230 

0 

3 9 7 

-03223 

0 

096 

-00/41 

0 

0*6 

-00920 
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SUMMARY  REPORT  ON  STATIC  TEST  RESULTS 
FOR  THE  S-3A  GRAPHITE  SPOILER  NUMBER  3 


Ref:  (a)  LTV  Report  2-53440/3R- 10108,  "Static  Test  Plan  S-3A  Composite 

Spoiler",  Revised  27  Feb  1974 

(b)  NAVAIRDEVCEN  ltr  report  "Summary  Report  on  Static  Test  Results 
for  the  S-3A  Graphite  Spoiler  Number  1,  dtd  30  May  1974 

Figure  B-ll  Photograph  No.  CAD-20807-12-71*— Failure  of  Spoiler  at  375 
percent  DLL* 


1.  The  spoiler  was  tested  statically  in  two  conditions  --  the  opening 
condition  and  the  closing  condition  as  described  in  reference  (a).  The 
loading  sequence  was  the  same  as  that  for  spoiler  1,  described  in 
reference  (b)  except  that  the  spoiler  was  loaded  to  a maximum  load  of 
150  percent  limit  load  rather  than  the  designated  115  percent  limit  load 
for  the  opening  load  condition. 

2.  The  spoiler  was  installed  in  the  test  fixture  at  the  hinges  as 
described  in  reference  (b).  The  spoiler  was  loaded  150  percent  DLL  in 
the  opening  condition  without  incident.  While  loading  to  170  percent 
DLL  in  the  closing  condition,  a tension  pad  unbonded.  A "C"  clamp 
was  installed  to  transfer  the  applied  load  from  the  inner  surface  to 
the  outer  surface.  Loading  was  continued  to  350  percent  DLL  at  which 
point  another  tension  pad  unbonded.  It  was  decided  to  install  "C"  clamps 
on  all  tension  pads  to  prevent  similar  occurrences.  Loading  was  continued 
to  failure  at  375  percent  DLL  with  no  noticeable  sound  emissions  prior 

to  failure.  Failure  occurred  at  the  edge  of  the  doubler  outboard  of 
the  outboard  hinge  fitting.  The  failure  is  shown  in  Figure  B-ll. 


Enclosure  (2) 
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FAILURE  AT  375  PERCENT  DLL 


FIGURE  B - 1 1 SPOILER  NO.  3 


STATIC  TEST  #3 

RUN  NO.  3 150% DLL  OPENING  LOAD 
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STATIC  TEST  #3 

RUN  NO.  6 I50%DLL  CLOSING  LOAD 
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0 

0 06 

+00269 

0 

005 

+00039 

0 

004 

♦00033 

0 

003 

-00  11-6 

d 

002 

♦ o 0 o 6 4 

0 

0 0 1 

♦ o oo 1 7 

0 

000 

-0013b 

0 

m 

• 

0 

80% 


099 

+03300 

0 

09b 

+00000 

0 

097 

+00033 

0 

096 

-00334 

0 

095 

-00156 

0 

094 

-00039 

0 

093 

-001/9 

0 

092 

-00212 

0 

091 

-00167 

0 

090 

-00142 

0 

0 8 9 

-00331 

0 

08b 

-00124 

0 

0 8 7 

+ o o ti  0 o 

0 

086 

- 00 1 2 7 

0 

085 

-001/4 

0 

084 

+ 0004  7 

0 

083 

-0003d 

0 

o d 2 

200000 

0 

Obi 

2OOO0O 

0 

06  0 

200000 

0 

019 

+0002/ 

0 

013 

♦00014 

0 

017 

+00032 

0 

016 

+00073 

0 

015 

500000 

d 

014 

+ 0 03  4 6' 

0 

013 

-00264 

0 

012 

- 0 0 6 / 0 

0 

0 11 

+ 0 0 0 d 0 

0 

010 

-00163 

0 

009 

-000/3 

0 

0 0 8 

- o o 1 1 3 

0 

007 

+00104 

0 

006 

♦ 0 0 3 4 9 

0 

0 0 5 

+00069 

0 

0 0 4 

♦00069 

0 

003 

-00236 

0 

002 

+ $01  2*0 

001 

♦0002/ 

0 

0 0 0 

-00290 

0 

0 0 o 

SJ28  233 

0 
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STATIC  TEST  #3 

RUN  NO.  6 I50%DLL  CLOSING  LOAD 
(CONT.) 


120% 

!50% 

a 99 

♦ a 9 O 7 6 

a 

a v 9 

+ «iV«i  0 5 

a 

n9a 

♦ a a a 1 1 

a 

a Vb 

+ a a a’l  /• 

a 

29/ 

♦aaabb 

a 

av  7 

♦ a a a 4 a 

a 

0 9 0 

-00512 

a 

a96 

-.a  a o 5 1 

a 

a v 5 

- a a a 4 c 

a 

a 9t> 

-a  aba  9 

a 

a V 4 

* a a a v 4 

a 

d94 

-;t  a 1 2 1 

a 

k3  V 3 

- a a 2 a a 

a 

a93 

-[a  a b 5 7 

a 

a v 2 

- a a a a a 

a 

av2 

-aa4i6 

a 

a9i 

-aaadd 

a 

a9l 

-aa2b/ 

a 

a 9 a 

•aa2l2 

a 

090 

-aaod 

a 

0a9 

- a a 5 1 & 

a 

ab9 

- a a 6 b 7 

a 

add 

-aaisb 

a 

abb 

- a a a 3 7 

a 

0 ri  7 

+ a a a 1 2 

a 

ad  7 

♦ tat22 

a 

add 

- a a 2 a 9 

a 

abb 

- a a 2 6 d 

a 

Bo5 

-aa272 

a 

ad  5 

- a a b 4 a 

a 

0 d4 

+ a a a 5 / 

a 

a d 4 

+00004 

a 

ada 

- a a a 4 2 

a 

abb 

- a a a 4 b 

a 

a o2 

2 a a a a a 

a 

ad2 

2 a a a a a 

a 

aoi 

200000 

a 

adl 

2 a a a a a 

a 

a a a 

2 a a 0 a a 

a 

aba 

200000 

u 

ai9 

+aaa29 

a 

ai9 

+00020 

a 

aid 

+aaai 7 

a 

aid 

+ a a a i 7 

a 

ai7 

a a a 5 o 

a 

a 1 7 

+00052 

a 

aid 

+000/2 

a 

a 1 6 

+000/5 

a 

ai5 

baaaau 

a 

a 1 5 

5 a a a a a 

a 

014 

♦ a a ? l / 

a 

a 1 4 

♦aaoj2 

t 

alb 

-0042a 

a 

alb 

-aa54b 

a 

ai2 

-aib4a 

a 

J 1 2 

-01062 

a 

all 

♦ a u n 7 

a 

ail 

♦aaibi 

a 

aia 

-aa2b4 

a 

aia 

-aa2b2 

a 

a«  9 

-aiaai 

a 

aa  v 

- a 1 2 b a 

a 

at  b 

-a aiy a 

0 

aab 

- a a 2 5 a 

a 

a a 7 

+aaiod 

a 

a a 7 

+00210 

a 

006 

■t-aaa^d 

a 

aa  6 

♦ a 1 u 5 9 

t 

005 

+00094 

a 

aab 

+00100 

a 

aa  4 

♦ a a 1 2 a 

a 

aa  4 

♦00140 

0 

aaa 

-aab56 

a 

aab 

- a a •*  b a 

a 

aa  2 

♦001/4 

a 

aaa 

♦auaad 

a 

aa  l 

+ 0 a a b 9 

a 

aai 

♦ a a a 4 5 

a 

aaa 

- a a 4 4 a 

a 

* 

a a - 

2ld4a6 

- 

aaa 

a a a l a a 

a 
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STATIC  TEST  #3 

RUN  NO.  7 I77%DLL  CLOSING  LOAD 


0% 

40% 

80% 

099 

♦ 0 0 4 0 fa 

ft 

0 V 9 

+000/5 

0 

09  9 

+02000 

0 

o y 8 

+ 0 J 0 / 0 

0 9 fa 

+ 0 0 0 / 0 

0 

0 9 8 

+ 0 0 0 0 6 

0 

u V 7 

♦000// 

ft 

097 

+ u.0  o / a 

0 

0 9 7 

♦000/0 

0 

J 9 6 

+ o 0 o 3 5 

ft 

096 

-00110 

0 

0 9 6 

-00502 

0 

9 5 

+ o O » 5 2 

ft 

095 

-00059 

0 

0 93 

-00124 

0 

0 9 4 

+00056 

a 

094 

+ o o o 1 5 

0 

094 

-0002/ 

0 

0 9 5 

+ 0 0 0 0 0 

a 

093 

- o o o a i 

0 

093 

-00180 

0 

09  2 

» 0 0 0 0 li 

j 

0 9 2 

- o o o 9 2 

0 

092 

-00212 

0 

0 9 1 

- o 0 o 13 

a 

0 9 1 

- w o o 7 0 

0 

091 

- 0 0 1 3 fa 

0 

0 90 

+00044 

o 

090 

- o o o 5 2 

0 

090 

- 0 0 1 1 4 

0 

089 

+ 0 0 o 3 4 

ft 

059 

-00112 

0 

089 

-002/4 

0 

05b 

+ 0 0 o 3 6 

id 

0 fa  fa 

- o o o 0 7 

0 

0 fa  fa 

-000// 

L 

Od  / 

+ o 0 o / 6 

0 

0 3 7 

+owo/2 

0 

0 d / 

+000/4 

0 

0 5 6 

+ o 0 o 5 V 

ft 

0 fa  6 

- 00  ot)  7 

0 

0 0 6 

— 0 0 0 fa  9 

0 

O fa  5 

+ o 0 o 5 9 

U 

0 fa  3 

- o o o l 3 

0 

055 

- 0 0 1 1 0 

0 

0 5 4 

+000/5 

id 

0 fa  4 

+000/3 

0 

0 a 4 

+00081 

0 

0 5b 

+ 0 o / 2 

ft 

0fa3 

+00034 

0 

0 53 

+ 0 0 0 5 1 

0 

0 o 2 

2 o 0 0 0 0 

t) 

0 fa  2 

200000 

0 

082 

230000 

0 

051 

200000 

u 

oai 

2 o o o o o 

0 

Ofal 

2 0 O 0 0 0 

0 

060 

2 li  0 o 0 0 

ft 

ofao 

2 o o o o o 

0 

OdO 

2 0 0 0 0 0 

0 

0 19 

- o 0 o 0 2 

0 

019 

- 00  0 0 4 

0 

0 19 

-OO0O2 

0 

016 

-oooi/ 

0 

0 itt 

,-00015 

0 

016 

- 0 0 0 1 5 

0 

017 

+ o 0 o 2 1 

ft 

017 

+00022 

0 

0 17 

+OO025 

0 

016 

+ 0 0 0 4 5 

ft 

0 16 

+00046 

0 

016 

+ 0 0 0 4 0 

0 

015 

5 o 0 o 0 0 

ft 

015 

500000 

0 

0 15 

5 0 0 0 0 0 

0 

014 

- o 0 o 0 9 

ft 

0 14 

+00132 

0 

0 14 

+ 0 0 fa  2 6 

0 

013 

- 0 0 o 4 1 

ft 

013 

-001/0 

0 

0 15 

“00313 

0 

012 

- o o o 2 o 

ft 

012 

- 0 o 4 3 0 

0 

012 

-OObfafa 

0 

Oil 

- ii  0 0 1 0 

ft 

Oil 

+00029 

0 

Oil 

+00061 

0 

0 10 

-O0O25 

ft 

d lli 

-000/9 

0 

010 

- 0 0 1 3 9 

0 

0 09 

- 0 0 0 2 0 

ft 

0 0 9 

- 0 0 5 2 0 

0 

009 

-000/2 

0 

ft  ft  G 

— o 0 o 1 9 

ft 

005 

-ooo  / 2 

0 

005 

-ouifad 

0 

0 0 7 

- 0 O 0 1 9 

ft 

0 0 7 

+00031 

0 

007 

+ 0 0 0 8 3 

0 

006 

* 0 0 0 2 4 

0 

006 

♦ 0 o 2 6 9 

0 

0 0 6 

+00349 

0 

0 0 5 

- 0 0 0 1 2 

ft 

0 0 5 

+0001/ 

0 

0 0 3 

+0004/ 

0 

J 0 4 

+00004 

0 

0 0 4 

♦ o o o 5 4 

0 

0 0 4 

+000/0 

0 

0 o 3 

♦ lo  0 o 0 fa 

ft 

0 0 5 

-00X06 

0 

U 0 3 

- 0 0 22  fa 

0 

0 0 2 

+ o 0 o 0 fa 

ft 

002 

+00063 

0 

0 0 2 

+00120 

0 

001 

+ .0  0 o 0 6 

ft 

001 

+00019 

0 

001 

+00050 

0 

0 0 0 

+ U 0 o 0 1 

ft 

ooo 

- V)  0 1 3 / 

0 

0 0 0 

- 0 0 2 9 1 

0 

00- 

004027 

• 

00- 

004349 

. 

0 0- 

00  4 4 fa  3 

- 

,1  ,i  ..1 

U .1  rt  1 .< 

21 

o w a 

000153 

0 

0 0 0 

0 0 0 1 fa  J 

0 
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STATIC  TEST  #3 

RUN  NO.  7 I77%DLL  CLOSING  LOAD 
(CONT.) 


— — 


120% 

150% 

177% 

+00162 

0 

0 9 9 

♦ 0 0 4 0 6 

0 

099 

+ 01091 

0 

0 9 6 

♦ 0 0 0 6 6 

0 

096 

♦ 0 0 0 6 3 

0 

09  8 

+ 00035 

0 

09  7 

+000/7 

\ 

0 

09  7 

♦ 0 o o 7 7 

0 

097 

♦ 000  /6 

0 

U 9 6 

-00466 

0 

096 

-00616 

0 

096 

-00/42 

0 

0 9 3 

-00209 

0 

095 

-002  / 9 

0 

095 

-00342 

0 

094 

0 0 0 6 3 

0 

094 

-00097 

0 

094 

-00130 

0 

090 

-002/6 

0 

093 

-00336 

3 

093 

-004  19 

0 

092 

- 0 0 3 2 3 

0 

09  2 

-00413 

0 

092 

- 0049  2 

0 

091 

- 00  224 

0 

091 

-00272 

0 

091 

-003  18 

0 

0 9 0 

-00163 

0 

0 9 0 

-00233 

0 

090 

- 0 0 2 0 0 

0 

069 

- 0 0 4 4 3 

0 

089 

-003/9 

g 

069 

-00/02 

0 

oae 

-00143 

0 

066 

-00199 

0 

0 8 8 

- 0 0 2 3 3 

V 

06  7 

+000/6 

0 

0 87 

+000/4 

0 

06  7 

♦ 0 0 0 / 2 

a 

0 6 6 

-00169 

0 

0 6 6 

-00238 

0 

066 

- 0 0 3 0 1 

6 

0 33 

- 0 0 2 1 0 

0 

0 65 

- 0 0 2 9 0 

0 

0 6 3 

-003/0 

Vi 

06  4 

+00066 

0 

0 64 

+00093 

0 

08  4 

+0009/ 

rf 

0 0 3 

+00012 

0 

0 6 3 

+ 0 0 o 0 4 

0 

083 

- 0 0 0 1 0 

u 

o o 2 

2 o 0 o 0 o 

0 

062 

2 o 0 0 0 0 

0 

062 

2 0 o o o 0 

0 

0 6 1 

2 o o 0 0 0 

0 

061 

200000 

0 

0 6 1 

2 o 0 0 0 0 

J 

0 6 0 

2 o 0 0 0 0 

0 

0 6 0 

200000 

0 

08  0 

200000 

ki 

019 

+00001 

0 

0 19 

♦ 0 0 o 0 3 

0 

019 

♦ 0 0 o 0 6 

0 16 

-00014 

0 

0 18 

- o 0 o 1 2 

0 

0 18 

- 0 0 0 o 9 

k) 

017 

+ o o o 2 3 

0 

01  7 

+00023 

0 

017 

+00026 

d 

016 

+00046 

0 

016 

+00048 

0 

016 

♦ 0 0 0 3 1 

0 

0 15 

5 o o o o 0 

0 

015 

5 o o o 0 o 

0 

0 15 

500000 

e 

0 1 4 

+ 0 0 4 9 o 

0 

0 14 

+00611 

0 

014 

+00/13 

Li 

0 16 

- U 0 4 6 6 

0 

013 

-00368 

0 

013 

-00/00 

0 

012 

-01342 

0 

012 

-01693 

0 

012 

-02O06 

0 

Oil 

+00069 

0 

Oil 

+00110 

0 

Oil 

+ 00126 

d 

0 10 

- 0 0 2 4 0 

0 

0 10 

-00300 

0 

0 10 

- 0 0 3 4 o 

13 

00  9 

-01023 

0 

009 

-01296 

0 

009 

- 0 1 3 3 1 

d 

0 0 o 

- 0 0 2 1 0 

0 

006 

-002/0 

0 

0 0 8 

-00323 

d 

00  7 

♦ 0 0 1 4 2 

0 

0 o 7 

♦00187 

0 

0 0 7 

+00230 

K' 

006 

+00625 

0 

0 06 

+01041 

0 

0 0 6 

♦01236 

0 

003 

+000/1 

0 

0 0 3 

♦00086 

0 

0 0 3 

♦ 0 0 o 9 + 

1/ 

0 0 4 

+00103 

0 

004 

♦ 0 0 1 2 9 

0 

0 0 4 

+00143 

d 

0 0 3 

- 0 0 3 4 4 

0 

0 0 3 

- 0 0 4 3 3 

0 

003 

- 0 0 3 1 1 

d 

00  2 

♦001/2 

0 

002 

+ ki  0 2 1 2 

0 

oo2 

+0O24o 

0 

001 

+ 0 0 o 4 0 

0 

0 01 

+00O46 

0 

001 

+00036 

d 

0 0 0 

— 0 0 4 4 0 

0 

0 0 0 

-00336 

0 

000 

--00636 

d 

an* 

004525 

w 

MDn 

0 0 & £ 3 1 

« 

000 

004923 

t» 
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STATIC  TEST  #3 
RUN  NO.  9C  CLOSING  CONDITION  TO  FAILURE 

(CONT.) 


160% 

200% 

240% 

280% 

099 

+66003 

0 

69  9 

♦ 0 5 6 9 6 

099 

,♦05425 

0 

099 

+06083 

0 

0 98 

+00604 

0 

098 

+60+69 

0 98 

+00015 

0 

098 

+00+12 

0 

o 9 / 

+ 0.6  0 0 6 

6 

09/ 

♦0^014 

097 

+60022 

0 

0 9/ 

♦O0022 

0 

k)  V 6 

-00/1+ 

6 

096 

-•069  01 

096 

-01065 

0 

096 

-01246 

0 

o 95 

-00320 

6 

095 

-06415 

095 

-00489 

0 

095 

-00582 

0 

094 

-00145 

0 

094 

-66184 

094 

-00215 

0 

094 

-00255 

0 

093 

- 0 o 3 / 6 

0 

0 93 

-00483 

093 

- 0 0 5 / 0 

0 

093 

-00686 

0 

0 9 2 

-00462 

0 

092 

-06586 

092 

-00690 

0 

092 

-00818 

0 

091 

-062/6 

0 

091 

'-00344 

091 

-00403 

0 

0V1 

-004/2 

0 

0 90 

-00264 

0 

090 

-06350 

096 

-00405 

0 

090 

- 0 0 4 5 7 

0 

o«y 

-00659 

0 

0 8 9' 

-06831 

089 

-06984 

0 

089 

-01159 

0 

686 

-00259 

0 

088 

-60334 

I’ 

088 

-00394 

0 

088 

-00466 

0 

0 6/ 

+00026 

6 

0 3 7 

♦ o 6 0 2 8 

0 8 7 

+06+38 

0 

08  7 

♦00048 

0 

066 

- 0 6 3 0 3 

0 

086 

-60395 

086 

-00472 

0 

086 

-00568 

0 

065 

- 6 0 3 6 2 

0 

085 

-06463 

: 

085 

-06556 

0 

085 

-008  /2 

0 

064 

+0006a 

6 

684 

♦66645 

t 

084 

+00056 

0 

064 

+00664 

0 

0 83 

- o 0 0 5 5 

6 

0 8 3 

- 6 6 0 6 4 

. 

083 

- 0 0 0 6 8 

0 

083 

+00055 

0 

0 o 2 

206060 

6 

082 

266606 

t 

082 

200000 

0 

032 

-03961 

0 

061 

2O6J60 

0 

081 

200606 

i 

081 

200000 

0 

081 

- 0 0 0 0 2 

0 

ooo 

2 o u o 0 6 

0 

080 

200000 

0 8 0 

200000 

0 

080 

200000 

0 

019 

+ 006  la 

0 

019 

♦00616 

019 

+00016 

0 

019 

♦ H 0 0 1 6 

0 

018 

+00026 

6 

018 

+0062+ 

w 

018 

+00020 

0 

0 18 

+00021 

0 

01/ 

+ o o o 2 6 

0 

017 

+00026 

- 

017 

+00021 

0 

017 

+00023 

0 

016 

+66045 

u 

016 

+66644 

t 

6 1 6 

+00045 

0 

016 

+00045 

0 

015 

5 o 6 6 0 6 

0 

015 

5 0 6 6 0 6 

r. 

615 

500006 

0 

015 

500006 

0 

014 

+60655 

0 

014 

•*■00826 

0 14 

♦009/1 

0 

014 

♦01135 

0 

013 

-6058  7 

0 

013 

- 6 0 / / 6 

1 

013 

-00939 

0 

013 

-01149 

1a 

012 

-U1/5B 

0 

012 

-022/4 

. 

0 12 

-02/36 

0 

012 

“032/9 

0 

Oil 

♦00696 

0 

Oil 

+00114 

1 

Oil 

♦ 0 0 1 2 8 

0 

Oil 

♦00146 

0 

010 

-00241 

0 

610 

-0632/ 

610 

-00403 

0 

Old 

-00488 

0 

0 0 9 

-01325 

0 

069 

-61/23 

069 

-020/5 

0 

009 

-02491 

0 

006 

•002/5 

0 

008 

-00363 

6 6 3 

-0045/ 

0 

008 

- 0 0 5 6 6 

0 

00  7 

+06231 

0 

06  / 

+60293 

* 

63  7 

+00348 

0 

06  7 

+00460 

0 

0 0 6 

+01104 

0 

006' 

+01419 

1 

0 3 6 

+ 3 1 6 9 6 

0 

0 0 6 

♦02+24 

0 

a 0 5 

+O0O95 

0 

005 

♦06111 

< 

6 0 5 

♦ 0 0 1 1 6 

0 

005 

♦ 0 0 1 2 1 

0 

Oo  4 

+00132 

0 

004 

♦ 601/1' 

w 

0 o 4 

♦00198 

0 

004 

♦06236 

0 

003 

-60403 

0 

003 

-06591 

1 

c 

003 

-00/64 

0 

063 

-06630 

0 

002 

+00213 

0 

002 

+06263 

L* 

002 

♦03333 

0 

002 

♦ 0 3 0 4 y 

0 

001 

+06033 

0 

001 

+ 6604  / 

«. 

001 

♦0UO53 

3 

001 

+00059 

0 

600 

-0658  / 

0 

000 

-00/50 

k 

000 

-00906 

0 

000 

-010/9 

0 

00- 

025911 

m 

00- 

025926 

• 

00  - 

025956 

- 

00- 

030044 

«i 

tlOtl 

ju  u 6 0 0 0 

c 

000 

6 0 0 0 1 10 

f 

600 

000000 

0 

000 

000000 

0 
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STATIC  TEST  #3 

RUN  NO.  9C  CLOSING  CONDITION  TO  FAILURE 

(CONT.) 


320% 

350% 

370% 

0 9 9' 

♦ 0 5 4 0 1 

0 

099 

+06311 

0 

099 

♦05449 

0 

13  v d 

+00316 

0 

096 

♦0U016 

0 

098 

♦00017 

0 

k)v7 

♦00029 

0 

09  7 

♦00030 

t 

09/ 

♦ to  0 0 2 9 

3 

0 9 6 

-0136  / 

0 

096 

-ol3y 0 

0 

096 

-01390 

0 

Id  9 5 

- a 0 6 5 6 

0 

095 

-00/20 

0 

095 

-00/41 

0 

Id  V 4 

-00267 

0 

094 

-00315 

0 

0 94 

-00334 

0 

k)  9 3 

•00/67 

0 

0 9 3 

•00/69 

0 

093 

- 0 0 / / 0 

0 

09Z 

- o o v 2 o 

0 

092 

- 0 1 0 0 9 

0 

09  2 

- 0 1 to  5 8 

0 

Id  9 1 

- 0 0 5 2 7 

0 

0 V 1 

-005/6 

3 

091 

- 0 0 6 1 1 
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FATIGUE  TEST  PLAN  S-3A  ADVANCED  COMPOSITE 
SPOILER 


PURPOSE: 

The  purpose  of  this  test  is  to  verify  the  fatigue  capability  of  the  graphite/ 
epoxy  spoiler  for  the  S-3A  aircraft. 

DESCRIPTION  OF  TEST: 

The  specimen  will  be  cyclic  tested. 

REQUIREMENT: 

This  test  plan  is  required  per  contract  N62269-73-C-0610. 

TEST  SPECIMEN: 

The  test  specimen  will  consist  of  a graphite  S-3A  lower  spoiler  assembly  as 
described  in  Dwg.  78-002553.  Flap  - S-3A  Spoiler,  LWR.  O.P.  Advanced  Composite. 
The  specimen  will  be  supported  at  the  actuator  hinge  fittings  thru  mounting 
holes,  as  shown  in  Figure  B-10. 

TEST  CONDITIONS: 

Spoiler  hinge  moments  occur  as  a function  of  surface  rotation  and  air  speed. 
Table  B-II  gives  maximum  and  minimum  cyclic  hinge  moment  for  the  fatigue  test. 
Spanwise  unit  running  hinge  moment  curves  are  presented  in  Figure  B-ll. 

TEST  SETUP: 

The  specimen  will  be  installed  in  the  test  jig  as  shown  in  Figure  B-10.  Air 
loads  on  the  spoiler  will  be  simulated  by  applying  test  loads  through  tension 
pads.  Figure  B-10  shows  location  of  pads  and  applied  load  at  each. 

TEST  PROCEDURE: 

The  spoiler  fatigue  spectrum  is  given  in  Table  B-II.  A cycle  of  load  is  from 
zero  load  to  minimum  load  to  maximum  load  to  zero.  Loads  are  given  as  airload 
hinge  moments.  The  specimen  will  be  tested  to  two  lifetimes.  Continuous 
recording  of  applied  loads  is  required.  Test  data  will  be  acquired  from 
three  (3)  rosette  strain  gages  and  twelve  (12)  deflection  devices  as  shown  in 
Figure  B-12. 

Strains  will  be  reduced  and  plotted  at  end  of  each  1/4  life  as  a check  on 
predicted  stress  values.  Deflection  data  will  also  be  checked.  If  a change 
in  deflection  rate  or  strain  rate  occurs,  a check  of  structure  for  permanent 
set  will  be  made. 
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METHOD  OF  LOAD  APPLICATION: 

All  loads  vill  be  applied  to  simulate  as  nearly  as  practicable  the  actual 
loads  on  the  test  article.  Loads  will  be  applied  by  rubber  backed  tension 
pads  bonded  tc  the  surface.  The  test  loads  vill  be  supplied  to  pads  by 
means  of  hydraulic  jacks. 

MFACURR'HTIT  OP  STRUCTURAL  DTTI.R.CTIOIIS : 

Structural  deflections  at  spoiler  and  Jig  support  points  will  be  measured 
primarily  by  displacement  devices  suoported  by  independent  structures.  The 
accuracy  will  be  ±.02  inches  defelction  or  better. 


FIGURE  B-12  LOWER  L.  H.  SPOILER  FATIGUE  TEST 
SET-UP  AND  LOAD  REQUIREMENTS 
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TABLE  B-II  FATIGUE  LOAD 


RUNNING  HINGE  MOMENT 


> 1 ter 

I ! 


o.o' 

1 HINGE 

fitting 


INBD.  HINGE 


SELF-ALIGNING  BEARING 
REOD.  (2)  PLACES (TYP 
BOTH  HINGES) 


.WR.  SURFACE 
OF  SPOILER 


DEFLECTION  TRANS^12) 
INSTL.OPR  SIDE  PANEL 
(OUTBD.  SIDE) 

LOWER 


* Deflection  at  maximum  H.M.  for  compression  on 
lower  surface. 


ROSETTE  STRAIN  GAGE(  3) 


0.0 

t HINGE 
FITTING 


OUTBD.  HINGE 


r Arc 

; LONGITUDINAL  STRESS 

uMu  t 

COMP  O'! 

TENS  ION  ft) 

1 

-5.1 

+ 2.5 

2 

+5.6 

- 2.8 

3 

-12.4 

+ 6.2 

For  compression  load  on  lower  surface. 
For  tension  load  on  lower  surface. 


FIGURE  B-14  DEFLECTION  AND  STRAIN  GAGE  LOCATION 
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SUMMARY  REPORT  ON  FATIGUE  TEST  RESULTS 
FOR  THE  S-3A  GRAPHITE  SPOILER  NUMBER  4 


Ref:  (a)  LTV  Report  No.  2-53440/3R- 10109  "Fatigue  Test  Plan  S-3A 

Composite  Spoiler",  Revised  17  Jun  1974 
(b)  NAVAIRDEVCEN  ltr  report  "Summary  Report  on  Static  Test  Results 
for  the  S-3A  Graphite  Spoiler  Number  1"  dtd  30  May  1974 

Table:  (1)  Fatigue  Test  Data  — Strain  and  Deflection 

Figure  B-15  Photograph  No,  CAD  20806-12-74-Test  Set-up 
Figure  B-16  Photograph  No.  CAD  20805-12-74-Delamination  Observed 
After  4800  Cycles 

Figure  B-17  Photograph  No.  CAD  20732-12-74-0utboard  Fittings  Failure 
Figure  (4)  Photograph  No.  CAD  20829-12-74-Failure  of  Spoiler  at 
330  Percent  DLL  (Not  Included  in  this  Appendix) 


1.  The  fatigue  test  was  performed  as  described  in  reference  (a). 

Loading  consisted  of  constant  amplitude  cycling  at  the  fatigue  design 
loads  shown  in  reference  (a)  for  both  the  opening  and  closing  condi- 
tions. Strain  and  deflection  data  were  recorded  periodically,  and 
areas  around  the  hinges  were  inspected  at  the  same  time  with  the  Navy 
Ultrasonic  Flow  Detector  AM/GSM  238.  The  spoiler  sustained  two  equiva- 
lent lifetimes  (40,000  cycles)  of  cyclic  loading  with  no  detectable 
damage.  Strain  and  deflection  data  were  monitored  during  the  fatigue 
test  and  data  for  locations  of  interest  arc  presented  in  Table  III.  The 
data  indicated  no  significant  changes  in  strain  or  deflection  during 
the  fatigue  test. 

2.  Having  satisfied  the  design  requirements  for  fatigue  witli  no  detect- 
able damage  to  the  spoiler,  the  loads  were  increased  to  150  percent  DLL 
for  the  opening  condition  and  177  percent  DLL  for  the  closing  condition 
and  cycling  was  continued  for  an  additional  40,000  cycles.  The  test 
setup  was  modified  slightly  after  4800  cycles  to  prevent  unbor.cing  of 
the  tension  pads  and  allow  access  to  the  areas  around  the  hinges  for 
ultrasonic  inspection.  With  this  modification,  the  applied  loads  were 
transferred  iron  tension  through  the  pads  to  compression  on  the  opposite 
surface  through  aluminum  channels  shown  in  Figure  B-15.  During  inspection 
at  4CG0  cycles,  a slight  delamination  about  1.5  inches  long  war  defected 
about  7 inches  outboard  of  the  outboard  fitting  shown  in  Figure  B-l6. 
Delamination  appeared  to  be  confined  to  the  outer  layer  and  did  not 
increase  in  length  during  subsequent  cycling. 

Enclosure  (3) 


159 
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3.  At  approximately  22,000  cycles,  failure  of  the  inboard  fitting 
occurred  as  shown  in  Figure  B-17.  The  fitting  was  removed  and  replaced 
with  the  fitting  from  spoiler  3 and  cycling  was  continued  to  40,000 
cycles  without  further  incident.  The  data  indicated  no  significant 
changes  in  strain  or  deflection  during  cycling  at  the  higher  loads 

as  shown  in  Table  III. 

4.  Static  test  to  failure  was  accomplished  after  completion  of  the 
fatigue  test.  The  spoiler  was  loaded  in  the  closing  condition  in 

20  percent  DLL  increments  to  200  percent  then  in  10  percent  increments 
to  330  percent  DLL  when  failure  suddenly  occurred  with  no  noticeable 
sound  emissions  prior  to  failure.  The  failure  occurred  approximately 
4 inches  outboard  of  the  outboard  hinge  fitting  as  shown  in  Figure  4. 
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MANUFACTURING  PLAN 
GRAPHITE/EPOXY  S-3A  SPOILER 


I.  Core  Stabilization 

A.  Machine  core  segments  to  size 

B.  Sand  .125  R per  engineering  drawing 

C.  Machine  lower  bevels 

D.  Clean  core 

1.  Solvent  flush 

2.  Dry  (l  hr.  (?  R.T. ) 

3.  Wrap  in  clean  Kraft  paper 

E.  Stabilize  core 

1.  Stabilize  periphery  of  core  by  dipping  SC  1008 
phenolic  resin 

2.  Cure  in  oven  (350F  - 1 hr.) 

3.  Wrap  in  clean  Kraft  paper 

II.  Tab  Stiffener  Assembly  (Separate  Operation)  For  Four  Spoilers 

A.  Prepare  tool  (flat  plate)  for  bonding 

1.  Solvent  clean 

2.  Apply  release  coating 

B.  From  broadgoods 

1.  Lay  up  one  (10  x 26)  U ply  laminate  (per  78-002553) 

2.  Trim  one  piece  URP  core,  5 x 26  inches 

a.  Saw  26  inch  edges  at  30°  bevel 

b.  Clean  core 

(1)  Solvent  flush 

(2)  Dry  (l  hr.  @ R.T.) 

(3)  Wrap  in  clean  Kraft  paper 

3.  Trim  film  adhesive,  specification  207-8-115,  type  II, 
grade  10  to  match  laminate 

a.  Apply  adhesive 

b.  Remove  backing  film 

U.  Apply  core  to  adhesive  per  engineering  drawing 
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C.  Prepare  for  cure  (specification  208-8-3) » apply: 

1.  Peel  ply 

2.  Separator  film 

3.  Bleeder 

4.  Vacuum  bleeder 

5.  Breather 

6.  Bagging  film 

D.  Autoclave  cure 

1.  Door  close  to  door  open  - U hrs. 

E.  Debag 

F.  Machine  - 22  and  23,  (*»  each)  (78-002553)  from  stock  produced  by 
3 thru  E above. 

G.  Clean  -22  and  -23 

1.  Solvent  clean 

2.  Dry  (l60F  for  1 hr.) 

3.  Wrap  in  clean  Kraft  paper 

III.  Lower  Skin  Assembly 

A.  Prepare  tool  for  bonding 

1.  Solvent  clean 

2.  Apply  release  film 

3.  Apply  peel  ply 

B.  Template  trim  120  mesh  screen  to  size 


Clean  screen  (CVA  8-51,  Method  II) 


Vapor  degrease 
Rinse 

Alkaline  clean 
Rinse 

Acid  clean 
Rinse 

Protect  (paper  wrap) 

After  cleaning  handle  screen  only  when  using  cotton  gloves 


D.  Apply  screen  in  molding  tool 

E.  Apply  film  adhesive,  specification  207-3-1*15,  type  II,  grade  10 


1.  Template  trim 

2.  Place  on  assembly 

3.  Remove  backing  film 


Hand  lay  up  lower  akin 

1.  Trim  plies  number  1 thru  9 (one  template)  (Ref.  Figure  Cl) 

2.  Place  lower  skin  on  tool  (use  transfer  template) 


a.  Remove  mylar  backing 


G.  From  broadgoods  (38  x 90  - 45°  orientation) 

1.  Trim  ply  numbers  10  thru  18  (17  templates)  (Ref.  Figures  C2 
thru  C6) 

2.  Apply  plies,  in  proper  sequence,  on  tool 


a.  Remove  Mylar  backing 


IV.  Lover  Skin/Core  Subassembly 


Apply  film  adhesives,  specification  207-8-415,  type  II,  grade  10 
to  lower  skin  to  core  faying  surface 


1.  Remove  backing  film 


B.  Place  core  segments  onto  lover  skin 


1.  Use  adhesive  foam  specification  207-8-U08,  type  III 
for  core  splice  (2  places) 


C.  Apply  film  adhesive,  specification  207-8-415 
to  upper  surface  of  core 


1.  Remove  backing  film 


V.  Upper  Skin  Assembly 


A.  Hand  lay  up  upper  skin 

1.  Trim  ply  numbers  1 thru  9 (one  template)  (Ref  Figure  C7) 

2.  Trim  plies  for  upper  skin  doublers  (three  templates) 

3.  Apply  to  tool  (use  transfer  template)  butt  Joint  corners 
per  engineering  drawing  78-002553 

4.  Apply  upper  skin  doubler  ply  stack  on  upper  skin  (use  transfer 
template)  (Ref  Figure  C8) 

5.  Protect  from  contamination 


VI.  Spoiler  Assembly 


A.  Apply  film  adhesive,  specification  207-8-415,  type  II,  grade  10 
to  -22  and  -23  (reference  II) 


B.  Position  -22  and 


l8l 


FIGURE  C-2  EDGE  DOUBLERS  (PLIES  10  & 11) 
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C.  Prepare  for  cure,  specification  208-8-3 
1.  Similar  to  item  II.C.l  thru  6 

D.  Autoclave  cure 

1.  Door  close  to  door  open  - 4 hrs. 

E.  Debag 

F.  Rough  trim  (remove  excess  resin  and  molding  flash) 

G.  NDT  (2U  - 36  hrs.  turn  around) 

H.  Machine  to  final  size  (leave  tooling  tab  at  each  end) 

I.  Install  hinges 

1.  Using  production  hinges  and  shims 

a.  Load  hinges  and  spoiler  in  assembly  tool 

b.  Pilot  holes  in  hinges  and  spoiler  (inner  skin  only) 

c.  Drill  hinge  bolt  holes  in  hinges 

d.  Install  inserts 

(1)  .5  diameter  hole  in  spoiler  inner  skin 

(2)  Under  cut  core 

(3)  Clean  core 

(a)  Solvent  flush 

(b)  Dry  (160F  for  1 hr.) 

(i*)  Using  paste  adhesive,  specification  CVA  8-U05, 
type  VI 

(a)  Mix  adhesive 

(b)  Fill  cavity  (1/2  full) 

(c)  Install  inserts 

(d)  Fill  cavity 

(e)  Cure  (8  hrs.  § R.T.) 

e.  Using  sealant,  specification  CVA  6-519%  seal 

(1)  Seal  edges  of  -22  and  -23 

(2)  Faying  surfaces  of  hinges  and  shims 

f.  Install  and  torque  hinge  attach  bolts 
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Install  seal 


1.  Drill  66  holes  per  engineering  drawing 

2.  Attach  seal  with  100V5D  rivets 

Finish  per  78-002553 
Final  Inspect 
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